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IN MEMORIAM. 
DR. JOHN HEWETSON. 
1867-1910. 


The men of the first few years of the existence of this hos- 
tal formed a very happy band—vyoung and eager, with a 
eat problem before them, too great, indeed, to be fully 
ppreciated by us. It was a motley group that the gift of 
new foundation in medicine had brought together, strangers 
each other, strangers in a strange city; yet there was some- 
hing in the air, and something in the spirit of the place that 
fickly ripened a mutual trust into good fellowship. The 
lead” already given by that great triumvirate, Martin, Rem- 
mand Welch, with Mr. Gilman’s strong personality and in- 
bose interest in the hospital (which he had opened for the 
stees) made the 
ten been remarked that the reputation of the Johns Hopkins 
fedical School has been made by its young men, to which I 


‘running ” comparatively easy. It has 


hay note incidentally my shelves bear weighty testimony in 
he 12 volumes, with the 500 papers of the graduates of the 
hool during the first 8 years. We were singularly fortunate 
m the senior assistants with whom the work began, Council- 
man, Lafleur, Brockway ‘and Robb. I have forgotten how it 
was that Lafleur came to us from Montreal, probably through 
my friends Ross and MacDonnell, but it proved a very happy 
felection, and the “Dane,” as we loved to call him, gave a 
eriain cachet to the position, which his successors have been 
meen to appreciate. In the first year we had for house physi- 
lans Toulmin from Philadelphia, Reese from Baltimore, and 
Al” Scott from Philadelphia, all congenial spirits and en- 
husiastic workers. Reese was cut off by tuberculosis at the 
very outset of a brilliant career; while his many friends had 
to lament Scott’s untimely death last year. As the work grew 
he following year Simon and Hoch came into the house. 


NOTES AND NEws. 
Additional Human Embryos 


INDEX 


Then, in the summer of 1891, Thayer joined the staff, and in 
October succeeded Lafleur as first assistant. In 1890 there 
nfluence of Lafleur, John 


came to us, probably through the 
Hewetson from McGill, who had just finished a term of resi 
dence at the Montreal General Hospital. I have just had the 
sad news of his death, and wish to pay a brief tribute to his 
memory. Long practice has given me a fair contro] of my 
vaso-motors, but my grip has never been sure when a letter 
or some incident brought suddenly to my mind the tragedy 
of the life of “ Jack” Hewetson. As I write there comes the 
far-away vision of a young face, frank and open, with the 
grey-blue eyes that looked so true, and a voice to match, with 
a merry laugh—no wonder that everyone loved him! Three 
happy years he lived with us, growing into a strong, earnest 
worker, and contributing with Dr. Thayer an important mono- 
graph on malaria, and many minor papers. Frank Smith 
and Barker, who joined the staff about the same time, became 
his devoted friends. The controller, Mr. Winder Emery, at 
once fell under his spell, and it was touching to see the af- 
fection with which the stern old martinet regarded the 
vounger man. In 1894 Dr. Hewetson went to Germany, and 
in Leipzig appeared the signs of pulmonary tuberculosis. He 
had had a pleurisy in Montreal, and the disease made rapid 
progress. He returned to California, where his father lived, 
and began to fight the long and losing battle which has just 
ended. Brave and cheerful, never repining, even in his broken 
life, much happiness—happiness that comes with a devoted 
wife and faithful friends. We who loved him in those early 
days have never recovered from the tragedy of the wreck of 


a career of such peculiar promise. W. 0. 


Dr. John Hewetson, the eldest son of the late James Hew 
etson. of Riverside, California, was born in Bruce County, 


Ontario, in 1867. He was educated in Canadian schools, 
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spending several years at Upper Canada College in Toronto. symptoms which had recently developed, especially as he } 


lé 


] 


Entering the Medical Department of MeGill University, Mon- suffered from an attack of pleurisy in Montreal, ar 


Z 


treal. in 1887. he was given the degree of M. D., after the he knew himself to be predisposed, since his mother and sister 
regular urs st that institution in 1891. During had suffered from pulmonary tuberculosis. 
his undergraduate davs he was a member of the Zeta Psi Interrupting his work in the anatomical laboratom . 
Fraternity, and was elected to the highest office in the local out at once for the hills of Southern Bavaria, w 1¢ hega 
lapter is long fight against his malady in Partenkirchen-Garmisd 
[In 1890 he was appointed assistant resident physician in Later on he spent some time at Les Avants (above Montreys 
the Johns Hopkins Hospital, and in 1892 became the first Subsequently he made a voyage to Australia. In 1897, so 
assistant t ( sident ian During his service on what improved, he returned to Riverside, California, where} 
Professor Osler’s stall, in addition to his reutine work, he afterward lived, spending the summers in British Colun 
ok special studies, Including pathological courses m intil his death in St. Joseph Hospital, Vietoria, B. C.. Se 
Professor Welch’s laboratory, and analyses of the typhoid tember 2? of this vear His death was doubtless hasten 
Statistics ¢ f the ospital. Wit lr. , a r, who was then Vy the toss ot his devote | wile im the preceding ear. 
esident phvsician. nade special investigations on malaria: The preparations on the nervous system whi Dr. Hewet 
esults were published in the monograph by Thaver and son prepared, though they could not be used bv himself, we 
Hewetson entitled * The Malarial Fevers of Baltimore.” turned over to Professor Mall’s laboratory in Baltimore. 
Che International Medical Congress was held in Rome in served as the basis for a number of studies in that institut 
LSo4 Dr. Hewetson went to Italy to attend the meeting as The illustrations of transverse sections and horizontal seetior 
egvate of the Johns Hopkins Hospital. f the medulla, pons and mid-brain in my book on “T 


He began his European post-graduate studies in 1894, when Nervous System and its Constituent Neurones ” were 
ae n Leipzig and to » work in the Anatomical wy Louis Schmidt from these specimens, and the wax n 
Institute of Prof. Wilhelm His \fter f Wing the course made by Ziegler, of Freiburg, after the reconstruction of Dr 
Jorence Sabin. also had its origin in Hewetson’s sections 
er of under-graduate and graduate students who ha 
vorked in the anatomical laboratory in’ Baltimore on 
structure of the nervous system have had the opportunity 


studving the original preparations. 


1] < ( $ ns of Paul Flechsig, it wa : — 
Important as the medical work of Dr. Hewetson was, 
’ , ma exe S S es Ss he al re — , , | : 
vas over-shadowed by the character and personality of tl 
; V] j ‘ t y \ D S of non { evel > « ° . 
nan, and by his pecullar power of mMspiring respect, [ren 
f n ion iths is Lol lw centra ‘ } ’ 
. ship and affection, as is well shown by the tribute pai 
! = SVS al ~ lis = ! ( ed V1 » tb . 
lim by Professor Osler in this number of the BULLETIN. 
9. 34 { ‘ > own sputun nm the 


3 r of 1S95, w 1 i ( 1 laboratory work LEWELLYS FP. Barker. 


yy "TR ' > rR PHY | P T ‘ > ' ) ; 
ELECTROCARDIOGRA AND PHONOCARDIOGRAPHY. 
’ al wry? Y % _ a y 
A COLLECTIVE REVIEW. 
By Lewettys F. Barker, M. D., 
Professor of Medicine, Johns Hopkins University, and Physician-in-Chief, Johns Hopkins Hospital, Baltimore, Ud. 
| nical study of diseases of the circulation has, dur reart and (b) of the great vessels by means of roentgen Taj 
ne nast v vears. mad xceptional advances. In addi (fluoroscopy, roentgenography, orthodiagraphy ). 
tion t mprovements ip t time-honored methods of Inspec St! nore recent nother method of investigating U 
n, palpation, percussion and -<cultation, a Dumber oO. heart, and one based upon an entirely different prin pl ITO! 
portant nodes nvestigating cardio-vascula inv of those before me ntioned, has been attracting the atten 
ms have been introduced, notably (1) the methods tion of physiologists and clinicians. I refer to thi study 
if simultaneous graphic registration of apex beat, arterial the differences in electric potential which occur in different 
sulse and venous pulse tie methods, palpatory, os- arts of the heart muscle preceding and during their activi 
itory, auscultatory, of registering maximal and minimal hese differences in electric potential can now, thanks to! 
pressures, and (3) the methods of determining the invention of extremely delicate instruments fer the purpose, 


xact size and movements (a) of the several chambers of the be graphically registered as electrocardiograms. The whole 
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study of the electrical changes in the heart description. The moment any point of an excitable tissue 
: know! trocardiography, and it is the present status is stimulated it undergoes an electrical change, becoming ele 
gs ich will be reviewed in this paper. In pass- trically negative as regards other points of the excitable tissu 
m, also, the methods of phonoe irdiography, not under stimulation. In other words the tissue at the 
ttempt at greater precision 1n the analysis of moment of stimulation becomes converted into a galvani 
soul ile over the heart. element, the excited pomnt becoming electronegative (or the 
| negative pole of the element) while all the non-stimulated 
[TistorIcAL NOTE. portions of the tissue taken together become electropositive 
of animal electricity has had a chequered (or the positive pole of the element). A good deal of con 
reer. 1 ndamental discoveries of Galvani made more fusion has arisen regarding the use of the terms electroposi- 
n on red years ago were at first most enthusiastically tive and electronegative. In valvanic element the ine 1s 
ecelved, ‘xcited temporarily too many hopes which called on the one hand electropositive because in the fluid of 
if liate realization and like many other great the element the current runs down from the zine to the other 
SCOVE \y ini’s soon suffered from neglect. Except for metal, but on the other hand, the zine is at the same time the 
eseal f Nobili and later of Matteucci electrophys- negative pole of the element since the current through a wire 
0 ilmost a sterile field from Galvani’s time connecting the two metals of the element passes from th 
niddle of the last century, when du_ Bois- other metal to the zinc. All confusion will be avoided if it 
mn { up as a special study and revived occupa- | he kept in mind that the stimulated point in the excitabl 
nit. Though his work and discoveries insured the per- tissue becomes negative in the sense in which the zine is the 
nen ectrophysiological doctrines, interest in the sub- negative pole of a galvanic element. This can be well illus 
st soon became over-extended and suffered an inevitable trated bv the simple diagram (Fig. 1) used by Samojloff. 
ction even during the life-time of the distinguished leader If in the excitable tissue 1/? the point a undergoes excitation 
hvsiology in Berlin. ‘These experiences of Galvani and 
u Bois-Reymond, respectively, have put the medical world S.. 
ts guard; it is solicitous lest it permit itself a third time | | a 
ndulge in over-expectation and premature enthusiasm in 
nnection with electrophysiological investigations. In a mod- i Somenene Re B 
vav, however, the studies of the electrical changes which — 
nt ody are proving to be helpful in the solution of | ~ 
physiological and elinieal problems; perhaps as fruit- | I ~ — 
ind as promising as any are the researches which have | ~ 
een and are now being centered in the electromotive phe- | I ue - 
ena 0 ‘musculature of the heart. 
nud like to point out at the verv beginning that these Fic. 1—Scheme illustrating the action currents in an irritable 
, ik ' structure (from Samojloff (A.), Elektrokardiogramme, Jena, 
{ tudies seem to have to do with the excitation of 1909). 
rt muscle rather than with its contraction ; excitability 
the bathmotropic function in the sense of Engelmann) | _ jt will become electronegative in the sense above mentioned, 
hhenomenon analytically separable from contractility (or and if two electrodes, connected with a galvanometer G, be 
notropic funetion), and the electromotive changes under applied at the points a and }) a current will flow in the ex 
nsideration appear to be more intimately related to the for- | citable tissue from the place of higher potential to that of 
n to the latter: indeed we mav regard electrocardi- — | lower potential, 7. ¢., from a to while in the outer part ol 
D s affording us an entirely novel method of approach the circuit the current will flow from 4 through th galvano 
irdiac function since, through it, we seem to | meter to a. Now if the excitation be limited during the ob 
e for rst time a method of measuring and contrasting servation to the pommt a and var mly in its streneth (start 
lions. The chronotrome (or timing), the dromo- ing from nothing, increasing to a maximum and then return 
mducting), and the tnofropie (or contracting) — | ng to nothing) an action-current will arise which, whe 
unctions were all more or less accessible to investigation be- | plotted in a curve (with the intensity of the current as ordi 
re; but now, we appear to have a way of examining also the nates and the times as abscissw), will take some such form as 
(or excitation) function, | Jin the figure. But the process is usually complicated by thi 
é tissues of the human body present certain electrical fact that besides excitability the structure possesses the power 
mena when at rest (so-called resting current); but still of conductivity, in which event the excitation will gradually 
re interesting are the changes which occur at moments ol spread from a to the other points in {2 and will ultimately) 
tation rivin of so-called action current). The prin- reach the point b. The eurve may then assume one of several 
es In are very clearly explained in Biedermann’s different forms: if when / is reached a is again at rest the 
lrophysiologie (1895) and in Samojloffs recent mono- |  action-current would present two phases with opposite signs, 


ph (1909), on both of which I draw freely in the following | say like that in JJ of the figure, which shows a diphasic cur- 















































event the urve W 


» idea occurred to him that, t 


the curve when t 
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negative as regards b and later b is 


he excitation may reach b before 
represent the 
or the excitation process at @ and 
process at D The exact form ot 
ie duration and intensity of the 

elocity of conduction through 


pon he distance between the 


h 


assuming a knowledge of the course ol 


AB and have constructed a curve 


wn into the outer cireuit would 
rocess one sees at once the appli- 


vical method. Assume that the 


system AS is unknown: by exper! 


‘rent by eleetrodes applied at the 
the gaivanometrie curve obtamed 


e drawn 


wh nierences mi 


he svster ib. Thus if it were 


> current trom the living heart olf a man 





Distribution of cardiac electricity on the surface of the 


Phil. Trans. Roy. Soc., Lond. (B), 


is to Investigate the 


musele in an entirely new wav. 


r had demonstrated 


PrlaAtIONS 1! Liv eating rog s leart 


and had found two elevations in 


curve during the contraction of 


ep forward was made in 1889 when 


time demonstrated the possibility 


of the action-currents emanating 
hough 
ssible to the electrodes, still it 
rically since is surrounded on 
conduct the electric current. The 

is a Tect the potential of the 
id by connecting electrodes with 
to lead off the currents and to 
means of a galvanometer. Nat- 
will vary with the sites of der- 


e current is led off 


] 
} 
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from the two hands will be different from that | ff from 
the right hand and right foot and both in turn from that led 
off from the left hand and the left foot. Waller’ 1eme of 
the distribution of the potential-differences in the body js 
shown in Fig. 2. It pictures the body as divided into two 


parts separated bv an oblique plane, the part above and to ¢} 


ight taking on the electrical tension of the base of the heart 


ind the part below and to the left acquiring the lectrica 
tension of the apex of the heart. Though this me has 
had to undergo some modifications as a result of sequent 


studies and is limited in that it pavs attention to only two 


points in the heart muscle, one at the base and the other at 
the apex, still it suffices to illustrate the princip yf 
lerivation of the action currents. 

At the time of Wailer’s work the most sensitive pparatus 
available for measuring feeble electric currents was the cap 
llarv electrometer: a curve was obtained by photographing 
the movements of a mercury meniscus (Fig 3). The lag or 
nertia of mercury 1s, however, so great that the curve ob 
tained had to be corrected by rather elaborate mathematical 
calculations in order that a true idea of the electrical varia 
While Waller evolved the method 


eading off the currents from the livine heart and made as 


tion could be gained. 





——E a SS — 


Fig. 3.—The action currents of the human heart (ee) recorded 
by the capillary electrometer registered simultaneously with the 
eardiogram (hh) The time marker gives the tracing tt (after 
\. D. Waller). 


good electrocardiograms by photographic methods as could |x 


] 1 
} 


made with the means at his disposal, he had no idea that an) 


clinical application of electrocardiography would be made. 


Writing even very recently (May, 1909), Waller admits this 
and, to my surprise, despite his admiration of the delicacy and 
accuracy of Einthoven’s string galvanometer, still fails to see 
any or only a very slight clinical future for the procedure. He 
writes as follows: 

‘I do not, however, imagine, nor, I believe, does Einthoven, 
that the string galvanometer, however useful and even necessary 
it may be in the physiological laboratory, is likely to find any very 
extensive use in the hospital as affording means of physical 
liagnosis more searching than those in daily use. It can at 
most be of rare and occasional use to afford a concrete graphic 
record of some rare anomaly of cardiac action, as it has already 
in the hands of Einthoven, Lewis and others served to bring 
into clear evidence the extraordinary disorders of contraction ol 
which the diseased heart is capable. But for all ordinary pur 
poses of diagnosis the finger tips of the physician will hardly 
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:-t important step in eleetrocardiography was 


en Dutel pl vsiologist Eint 





: string galvanometer based upon the sug 


Compt. rend. Acad. Par. 1877) regarding 
international telegraphy. Ein- 
ted in an apparatus of extreme sensitive- 
applicable to 
of the 
Edel- 


infra). 


riodiec, without lag and easily 
ical research. In the assembling 


ull its accessories the mechanician 


is performed a useful service (vide 


STRING GALVANOMETER AND EDELMANN’S 
CTROCARDIOGRAPHIC STATION. 


vanometer of Einthoven is truly an instru- 
marvel. The device has simplified electro- 
estigation to an extraordinary degree and has 

yf electrocardiograms of the human heart, 

it any rate, an easy and practical procedure. 
tudies with the capillary electrometer of Lipp- 
instrument 1s 


nvinced him that though this 


s, when started into movement by a current 
itions of its own which could deform the 
s not possess the necessary quickness of response 


of potential when sufficiently sensitive 


rrents or, if sufficiently responsive, becomes 


cvalvanometer must, 


Nsitlve \ Ww! tly suitable 


ntirel) almost without lag o1 


- 4s 
aperiodic, be 


] 


st he sensitive to electric currents of mintmal 


rata ive peen realized DV 


Einthoven in the 


calvanometer. In most galvano- 


net is the movable part and the current to be 
s through the stationary coils. In Einthoven’s 
arrangement has been made; the 
ry and the current passes through a movable 
his movable conductor of the current is 
ne a thread of 0.001-0.003 mm. in 
either one of 


threads are used 


wit silve r to make I conduct ) or one of 
ery good platinum thread is one 85 mm. long 
from one- 


rom two to four microns (2. @., 


iameter of a red corpuscle), so delicate 


secon clearly with the naked eye only when 


nstrument as difficult to manage and to interpret 


ilvanometer.” 


nt has, I fear, been passed without sufficient con- 


in electrocardiographic station (of the type « 
infra) for applying Einthoven’s string 
een set up, one can more quickly, easily and 
than by any 


a cardiac arhythmia by its use 


he technique, once acquired, is not difficult, and 


ating and baffling than that of making phlebograms 


s in difficult cases. It will not, of course, supplant 
thods, but that it supplements them definitely and 
il and permanent advance in the methodology of 
ition no one who has studied any large number 


ind of pathological cases with its aid can doubt. 
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powerfully illuminated against a dark background Suel 


thread is too light to he weighed even with extremely sensi 


tive balances, though its weight has been calculated to be about 


0.00262 or 0.00685 milligrams (Einthoven). Of course such 


threads are expensive; clinicians will probably work chiefly 


with platinum threads as they are quite sufficient for clinical 
work and are less fragile than the quartz threads; besides they 
quartz thread may 


do not lose their conducting power as the 


do from scaling off of its silver coating. 
The ends of the 
the thread 


made stationary, so that 


thread are 


swings like the string of a musical instru 


ment—hence the designation “string galvanometer.” The 


relations of the to th npole-shoes of the 


are illustrated in Fig. 4. 


string magnet 


Since the magnet must be strong, 


t is customary to use an electromagnet, though some of 
the smaller instruments work very well with non-electric 
nagnets. ‘The string is suspende idwav between the pole 
shoes (P. P. in Fie. 4). It is a well-known physica 





Einthove 
Internat ‘ 


devised by W. 
z Télécardiogramme, Arch 


Fig. 4.—The string galvanometer 
(from Einthoven (W.), I 
Phys., 1906-7, iv, 133) 


act that when an electric current Is passed through a mag 
netie field it undergoes a flection perpendicular to the lines 
f magnetic force which pass betwe ( wo poles OL the 
nagnet: thus when a current passes through the string ol 


Minthoven’s galvanometer the current is deflected and wit/ 


t the string. The deflection will be to one or the other si 


iccording to the direction in which the current passes throug! 


the string; the stronger the current which passes through, th 


ereater the deflection and vice versa. The thread of Fin 
hoven’s instrument is so delicate that it is suitable only ! 


e measurement of verv feeble currents which cause on 


slight oscillations of the string; tvro working with the i 


break the thread by permitting too great 


strument mav easily 


a deflection from the passage thro the string of too stror 


a current. In order properly to value the oscillations whic! 


result from the passage through the galvanometer of the 


feeble action-currents of the heart a magnifying apparatus is 
nuclei and poles of the 


essential. Einthoven perforates the 
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the lle and inserts two mi scope-tubes (M 
n the openings. One of these is provided 
t ) ( sing a strong ectri eht upon 1e 
( = rojection SCOPL msisting of an 
in object ind an ocular) whieh throws an 
a ( rate string upon the slit of the 
ipparatus, o1 ona white ground on which the 
he thread ma served with the naked eve 
e attenuated nature Einthoven’s string, it is 
pe dic, the damping by e air together with 
1 ¢ da r { { ite eine direct! de 
( ‘ s net ( rect magnet) ery 
el ny oscillations proper to thy 
nm mm pe sure erefor at e detleetion 
Ss 0 rent elinile tensity 
this alo Again, the wt that the de- 
( l 1 kK st rie ‘NCUTSIONS CX 
= possible such an immediate deflection or 
et 1d 1 irrent riven streneth. 
3126 e waves in the curve can be vaned 
Fret ptical magnification of the image 
so, and this is vei nportant, by changing 
{ string by means 1 screw at one end of 
e string is stretched the smaller the exeur 
e thread and the shorter time it takes for 
) setting: ane e versa, if the string be 
nt of the same intensity will vield a wider 
\\ me me SLOW ) ously, there 
it s able value may be obtained 
<1 ens ty and setting-velocity of 
Nes curves are mac Kinthoven 
ine examinations of human hearts that 
ecording apparatus be adjusted so that 
l ibsclssa corresponds to 0.1 
au to | r im other words, 
S101 f the string in the record represents 1] 
yx is so slig that the setting requires on] 
| sens \ the lest quartz threads 
| LO i ere (the mMotovgraph ecord 
eing a 1000-fold onification). It is to be 
t nd shorter the string, the more 
ss nes os entica la ) 
FIs OS ting iwtion-currents of the 
{ larg scillations a liscernible to 
n in macnn ( projected Image, In 
smaller excursions and to obtain curves 
( . eqistralion is essential 
ig d image of the string is projected b 
( 0 i slit In a dark box 
sa ng photographic m or sensitive bro- 
Silt pens ind ss 1s when required ) 
( ( Mn can 1 beg tinenel 
QO) i e length of an ordi- 
suihce ( serva mn, but when e 
ral en ft an ithe purpose 
cal results of the heart muscle 
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over a considerable length of time is desired, m onge 
films mav be emploved. It is best to use a recording narat 
whieh will permit a photograph 75 meters in le ti 
taken without intermission. Smaller portions ol R 
film mav be used and clipped off for development lesires 

since the lone axis of the stit n the box is placed } ynta 


and the string of the galvanometer makes excursions either 
to the right or to the left, the record on the film wl moves 
ertically in front of the slit is in the form of rve ir 
which the exeursions are up and down; the arrangement js 
such that when the action-current is due to electronegativit 
if the base { s one in which the base of the heart corr 
sponds to the negative pole of a galvanic element), the ex. 
cursion on the n is in the upward direction, whil en t 
wtion-current is one indicating that the apex of rt 
s electronegative (/. the apex corresponds to the negative 
wle of a galvanic element), the exeursion as seen tn tl 
is in the downward direction. When there is no acti 
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Fig. 5.—Curve showing sensibility of galvanometer. A current 
of 4 millivolts has produced a deflection which in the record 
amounts to 4 cm. The tuning-form vibrates 100 times per second 


(after Samojloff (A.), Elektrokardiogramme, Jena, 1909, p. 9). 





current, or when multiple action-currents exactly neutral 
me another e string stands still in its middle position an 
a straight horizontal line is registered on the recording film. 
\ lever connected with chronometer marking fifths 
tenths of a second oscillates before one end of the slit, so that 
exact timing of the excursions in the curve is possib O! 
ean also record on the same film a curve of the carotid puls 
vy placing before the slit a lever connected with a 0 
and receiver: perhaps st better for this purpose is regis 
ration of the carotid pulse by means of a telephon and 
second smaller ga inometer, the string of which is rrojecter 


on the same slit. If desired, 


such a second galvanometer m 
used in connection with a microphone, and an electrophone 


phie record of the heart seunds be made simultaneous 


with the electrocardiogram upon the film. 


Where exact measurements of the ordinates and abscisse 





urrent 
rec ord 
second 


J). 
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re desired the procedure is simplified by the ap- 


ation nethod introduced by Garten; while the photo- 

; taken the light is intermittently interrupted 

sp wheel set up in the path of the light rays ; the 

ur ippears crossed by a series of vertical lines which 
nar o the slit and give a series of ordinates. If in 
tion ss slide ruled with parallel lines running per- 
to the slit (7. e., parallel to the abscissa of the 

ectro ram to be taken) be placed in front of the 
er. tl rve will appear plotted upon a network, making 
xact al ses very easy. In Fig. 5 I have introduced from 
Samojlofl curve illustrating the effect of the passage of a 
rent definite strength through the galvanometer 
rrange this way. It is easy to see how promptly the ex- 
: he string from its zero position to its new equili- 
yosition occurs: one sees no trace of vibrations inherent 

the string—the instrument is absolutely aperiodic. The 


n this instance is marked by a curve due to a tuning- 


th 100 vibrations per second. Note how brief a time 





Fic. 6.—String galvanometer (large model) made by the mech- 
iniclan Edelmann of Munich (from the pamphlet by M. Edelmann, 
Ir, Munich, 1908, p. 2). 


uired for the exeursion to become complete (between 
0.01 and 0.02 second)—the “settine”’ was very prompt, 
showing how little lag or inertia there was to the string. As 
gards the sensitiveness in this particular instance Samojlotf 
onnected the quartz thread (the resistance of which amounted 

6700 ohms) with a portion of a rheochord whose ends 
wer lifference of potential of 4 millivolts. Since the 
xcursion measures 4 em. it will be seen that 1 mm. of ex- 


rsion, in this instance, represents a tension, or electro- 


uve force, of 10-* volt and a current-intensity of 1.5 


vu ampere 

Thar » the mechanician Edelmann of Munich a com- 
‘ ro irdiographi¢ station Inay NOW ) yurchased by 
ospital and be comparatively easily set up. The ele 

rical ** rt-station ” consists of (1) the string galvano 

eter; (2) the electric light for illumination with its acces- 


sory apparatus: (3) the electrodes; (4) an apparatus lor 


elermining the resistance of the electrodes and of the body ; 


(5) an apparatus for the determination of the sensibility o 
the galvanometer; (6) an apparatus for the compensation of 
the * zero current ” or body-current, and (7) a photographic 


registering apparatus. 


The electric arc-light should be focussed by means of a con 
denser, and a water bath is intercalated between the light and the 
galvanometer in order to absorb the heat rays 

For the details of the string galvanometer the description by 
M. Edelmann, Jr., in the fifth pamphlet issued by the firm of 
mechanicians in Munich should be consulted. Suffice it here to 
say that the original Einthoven construction has been very much 
simplified. The strength of the magnetic field remains about 
the same (approximately 20,000 units per cm.). A much shorter 
thread is used now; whereas the thread formerly employed was 
140 mm. long, the Edelmann threads measure 87 mm. in length. 

In Fig. 6 a view of the galvanometer is reproduced and in 
Fig. 7 the portion of it which carries the delicate thread rhe 
thread itself extends between the points hk and /} It can be 
tightened or loosened by the micrometer screw above 

The thread is accessible from all sides, a fact which makes 
centering much more easy than with former models. 

It is unnecessary to use non-polarizable electrodes. The patient 
sits in a comfortable arm-chair. Three jars or pans made of zine 
and filled with normal salt solution are the simple electrodes 








Fig. 7.—The string carrier of the galvanometer (from the 
pamphlet by M. Edelmann, Jr., of Munich, 1908, p. 3). 


employed. These are connected up with wires. The patient place 
the right arm in one pan, the left arm in another and the left 
leg in the third. By means of a simple switch any two of these 
three electrodes may be connected with the galvanometer and 
one may thus lead off the current by any one of three methods 


of derivation (D,, D. and D,, vide infra). 


RESISTANCE OF Bopy AND ELECTRODES 


ft the resistance of the 


The apparatus for the determination 
electrodes and of the body of the patient is an application of the 
principle of the Wheatstone bridge; the adjustment is made with 
the aid of an induction-coil and a telephone, 

By the Wheatstone combination is meant an arrangement of 
conductors in such a way that a current passes through two 
branches, between which a transverse connection, the bridge 
exists. In Fig. 8 # represents the source of the current (battery); 


the current between the poles of the battery branches; the four 


“branches” are designated a, b, and d; the transverse con 
ductor, in which is intercalated a galvanometer G, constitutes the 
bridge.”” The direction and intensity of the current which flows 


through this bridge depend upon the relation of the resistance 


in a, b, cand d. The current in the “ bridge” ceases only when 
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ie respective resistance tand to one another in the proportion 


l Roth Reih 


Obviously if any three of the resistances are known the fourth 


one can be calculated; thus 
Re Re 
ray R Ry : FF. a ay Re 
Kor convenience, in place of and d it is customary to use a 


so-called slide-wire,” namely a wire of high specific resistance 


along which a metal contact-clip may be slid. Since in this case 


and d are wires of the same quality and diameter it is not 


necessary to know the values of ?, and Ry in ohms; it is sufficient 


to know merely the length of ec and that of d along with the 


alue of either 2), or FR, in order to determine the fourth re 


sistance at once 


Since in electrocardiography we have to deal with electrolytes 


t is desirable to use, not a direct current from a battery and an 


ordinary galvanometer, but rather the secondary current of a 


small induction-coil which is generated by an interrupted primary 
current from a battery. The Wheatstone bridge is thus supplied 
with an alternating current and the galvanometer is replaced by a 
arrangement is illustrated in Fig. 9% 


delicate telephone The 


eee 


E 


Fia. 8. illustrating the principle of the Wheatstone 


bridge. 


Diagram 


Here the source of the current is an induction-coil fed by 


battery and contact-breaker; the telephone is in the “ bridge 


Ry is the resistance offered by the body and the electrodes; Ry, 


is tl 


e amount of resistance introduced by an adjustable resistance- 


varier (rheostat); c is the length of wire to the left of the slide- 


contact and d the length of the wire to the right of it. Having 


a resistance of 1, 10 or 100 ohms in JR), the slide-contact is 


passed along the wire until a minimal tone is audible in the 


telephone. Here 


>} Resistance in body and electrodes Resistance in rheo- 


length of d 
length of c 


tal 


[he resistance of the body and the electrodes is usually some 


where in the neighborhood of 500 ohms. It is desirable to 


arrange R, so that, in extinguishing the current in the bridge 
ind @ come to be of nearly equal length. 
SENSIBILITY OF 


TESTING THI rHE GALVANOMETER. 


? 


By the sensibility of a galvanometer is usually understood the 
strength of current which yields an excursion of one millimeter: 


thus a galvanometer with a sensibility of 1 milliampere is one 
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in which an excursion of | mm. follows upon the pass; hroug} 


strength of 0.001 ampere W 


is known the 


it of a current of the the re. 


sistance of the galvanometer so-calle \It-sengi. 


bility can be calculated from the ampere-sensibility according + 


Ohm's law: 











Fic. 9.—Illustration of slide-wire modification of arrangement 


for Wheatstone bridge. 


E the 


electromotive difference of potential in volts and 2 the resistance 


I represents the intensity of the current in amperes; 


in ohms. Thus, obviously, #—IJ X R. 


If, for example, a galvanometer has the sensibility of | mm. 














Fig. 10.—Diagram of simple arrangement for securing a current 


of 1 millivolt. 


0.001 ampere and the resistance of the galvanometer is 100 ohms 
then the volt-sensibility of the galvanometer is 1 mm.—0.1 volt: 


E=I1X R= 0.001 100 = 0.1 volt. 
In the string galvanometer used in taking ¢lectrocardiograms 
it is usual to work with a volt-sensibility of 1 mm. — 10-+ 


0.0001 volt; in other words 1 cm. of excursion corresponds to 4 


current of 1 millivolt. 
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DECEMBE! 


In Edel 
inti] the 
galvanom 
) pass 
ave aS a 
normal-t 


efinite 


ol this pose 
The « motive difference in potential yielded is about 1.0192 
s Of only 0.001 volt is required. This amount is obtained 
y arralg for a branching of the circuit and placing parallel 

he standard cell a resistance of 101920 ohms; there is then a 
illing potential difference of 0.00001 volt for 1 ohm; if 
ith a stat 10 ohms be stoppered off then (practically) 
O01 ve obtained. By stoppering off 100 ohms and making 
1e tens ff the thread such that an excursion of 10 mm. is 
tained instrument has the sensibility desired 
Since the Cadmium Standard Celi is expensive and unless care 

Battery 
licrophone Co 
| 
sel 
figat firm - 
eft Foot . 
D3 
Left Arm ‘ L ae 
J 
Fig. 11.—The wiring for 
ily handled may be easily ruined, we have sought a simpler and 

S$ pensive method of sensitizing the galvanometer. At the 
uggesti of Dr. A. H. Pfund, of the Physics Department of the 
Johns Hopkins University, we have found an ordinary dry cell 
witl otential difference exceeding 1 volt), together with an 
inexpensive volt-meter, entirely satisfactory. 

The arrangement of apparatus is shown in the following dia- 
gram ‘ig. 10) where (£) is a dry cell, (K) a key and (R) a 
German silver wire. A shunt circuit is connected around the 
attery and a portion of the wire (R). This circuit contains a 
ocket voltmeter (V) and a sliding contact (S), the position of 
he latter being varied until the voltmeter reads exactly 1.0 volt. 
Next resistance box (W) is shunted around the terminals of 
he voltmeter. The potential difference existing at the terminals 
x (W s 1 volt; hence, by stoppering off 1.001 chms and by 

[t differs from Latimer Clark’s Standard Cell in that cadmium 


ind cadm 


ind is } 


amaizam 
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1910. | 


is tightened or loosened 


through the 


thread 
(exactly measured) 
) mm In order 


n’s apparatus the 
sage of 1 millivolt 
auses an excursion of precisely l( 
the galvanometer it is 
‘ standard 


desirable to 
cell” or 


irrent through 


ree of the current a so-called 
ent,” that is, a battery between the poles of which a 
vn and fairly constant difference in potential exists. 
Weston Standard Cell.” 


Edelmann uses a 


ence less susceptible to variations in temperature. 


in it contains 10 to 18 gm. Cd. to 90 to 87 gm. Hg. 


HOPKINS HOSPITAL 


ium sulphate are used instead of zine and zinc sulphate, 
The 
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shunting the galvanometer (G) around this 1 ohm, a potential 
difference of 1/1000 (i. e. 1 10-3) volt becomes effective at 
the terminals of the galvanometer. It only remains to tighten or 


loosen the thread until, upon depressing the key (XK), a deflection 


of 10 mm. is produced. A deflection of 10 mm. corresponds to a 
potential difference of 1 10-3 volt; hence 1 mm, corresponds to 
l 10-4 volt, which is the desired sensibility We can recom 

accurate, this simple procedure, when a 


mend, as sufficiently 
standard cell is not available. In 
current of 4 millivolts is 


deflection of the 


Fig. 5 has been shown a curve 
through the 


obtained when a passed 
galvanometer properly sensitized; the string is 
4 cm. and the promptness with which the string assumes its new 
position is obvious when one notes the time-tracing above, where 


each wave represents 1/100 second 


ri ZERO-CURRENT.” 


COMPENSATION O 


The body of the patient and the electrodes yield a current which 


should be neutralized in order that the action-currents from the 
- 2sistance 
\ fi. 
Commutar 
ymitcl I 
_ H\eostance 


i faa 


inexpensive heart station. 
heart may be studied for themselves. With the aid of an “ ac 
cumulator cell” (as compensation battery), rheostats, and slide 


wire resistance, the compensation is effected so that the galvano 


meter stands at zero (except, of course, for the excursions due to 
action-currents). For the details of this procedure the reader Is 


referred to Edelmann’s pamphlet 


PHOTOGRAPHIC REGISTRATION OF THE OSCILLATIONS OF THE STRIN 


With Edelmann’s larger outfit a film 75 meters long is available 


be used at a single 


and as much or as little of it as desired can 

sitting. The film does not have to be changed until the whole 

75 meters have been used up; the individual exposures or series 
clipped off as they are mads 


of exposures, being numbered, are 
for development. The film can be 
slit at any one of several different speeds. 


passed before the illuminated 


SMALLER INSTRUMENTS AND LeSS EXPENSIVE ELECTROCARDIOGRAPHK 


STATIONS. 


We began our work in electrocardiography in the medical clini 
here last year. On account of the cost, it seemed wise to make a 
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tart with the smaller model of the string galvanometer made by 
Edelmann (Kleines Permanent-Magnet Saiten-Galvanometer), and 
to make the wiring so that a microphone could be attached to the 
ame galvanometer for cardio-acoustic work. In the accompanying 
diagram (Fig. 11), prepared by Dr. Bond, it will be seen how the 
connections were made. 

The patient places left arm. left foot and right arm in the 
three electrodes represented, which consist of zine pans filled 
with normal salt solution (8 grams to liter). From each of these 
wires are conducted to the three switches, by means of which 
any two of the electrodes can be connected to the main circuit. 
Chis gives the various derivations; D, right arm and left arm; D, 
right arm and left foot: D, left arm and left foot. 


In the wiring of these care should be taken that in arranging 


for the different derivations, the direction of the current is not 
changed lhe wire from the left foot should always go into the 
same main wire and in >, the left arm electrode should occupy 
the same position in the circuit as the right arm does in D,; 
otherwise an inverted electrocardiogram will be obtained due to 
this wiring detect. 


From these switches the two main wires lead to the galvano- 





Fig. 12.—View of inexpensive heart station in the medical 
clinic at the Johns Hopkins Hospital. 


meter, one going directly, the other passing through the commu- 


tator The movements of the commutator do not in any way 


change the direction of the current generated by the body. The 


commutator serves the purpose of connecting in and sending in 
either direction around the main circuit a current from the 
battery reduced to sufficient strength by the resistance coil. This 
is sent in the opposite direction to the body current and serves 
to neutralize the primary body potential (‘compensation of the 
vero-current’”’). In some instances this factor can be disregarded 
so that Switch III is for the purpose of completing the main 
circuit, either including or excluding the battery circuit. A note 
should be made here that in the latter condition Switch IV should 
be opened to save the battery from short circuiting through the 


resistance coil 

On a shunt circuit with the galvanometer is a resistance coil; 
the greater the resistance the stronger is the current passing 
through the galvanometer. 

The wiring of the microphone is simple. It is connected with 
a dry battery in a circuit with the primary of an induction coil. 
Wires from the secondary lead to the junction points of the wires 
from the galvanometer and resistance coil. The constant battery 
current passing through the primary induces no current in the 
secondary. Changes though in the strength of this primary cur- 
rent as the result of sound vibrations on the microphone set up 


induced currents in the secondary and these are recorded by the 


HOSPITAL BULLETIN. 0. 237 


galvanometer. Switch I opens and closes the prima: ircuit. 
while Switch II serves the same purpose in the second 

In Fig. 12 the general appearance of such a small tion is 
shown In Fig. 18 is another view from behind smal] 


photographic recording apparatus. An enlarged view of ‘he table 
on which the galvanometer stands is shown in Fiz. 14. 

















Fria. 18.—Another view of the same heart station. 


Tolerably satisfactory electrocardiograms can be obtained with 
this simple and inexpensive outfit, as will be seen by the records 
published in the paper read before the Association of American 
Physicians in Washington, last May,’ and in the paper by the 
same authors read before the American Medical Association at 
St. Louis in June, 1910. For more detailed work, however, the 
is desirable. We are now installing 


more expensive Instrumen 





Fia. 14.—Enlarged view of galvanometric table of small station. 


a larger and more complete heart station, outfitted with Edel 
mann’s “Grosses Elektromagnet-Saiten-Galvanometer” ; this is 
the one to be recommended for hospital use. 


Tue TypicaL ELECTROCARDIOGRAM. 

In healthy people an electrocardiogram obtained by leading 
off the current through the two hands under the conditions 
outlined above assumes, in the majority of instances, the form 

Barker (L. F.), Hirschfelder (A. D.), and Bond (G. 8.): 


Personal experience in electrocardiographic work with the use ol 
the Edelmann string galvanometer (smaller model). 
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reuit show! yr, 15. The term “typical” or “schematic” is the initial and fina] ventricular oscillations respectively. ‘l'o 
S f “ normal,” since several slight deviations from the less constant Q and S he applies the terms Ja and Ip 
mM Is ty] wn occur in people with normal hearts. The anterior or posterior to the initial variation), and to similar 
smal . . , . , —_ 
a “y eart period presents constantly three principal slight depressions occasionally met with before and after T 
table : ‘ . ’ = , , ’ »: 1 
irsiol r waves upward (elevations) indicating a nega- e gives the labels Fa and Fp. When R is doubled, a rare 
ase of the heart as regards the apex at three occurrence, he makes the second excursion /,. The horizontal 
Tere! s in a single cardiac revolution. ‘hese three stretch between P and Ff he designates h to indicate that the 
vati ve been designated by Einthoven as P, FR, and 7’. excitation is at that time passing over the His bundle. ‘The 
sents also, in many instances, two slight excur- stretch from R to T he calls ¢ for reasons to be mentioned 
ons 01 ves downward (depressions), indicating a nega- later, while the stretch between 7' and the f of the next car- 
ity pex of the heart as regards the base at two dif- diae revolution is labelled p io indicate the pause in the heart’s 
rent t : in each cardiac revolution. These two depres- activities. I am sorry that this change in terminology has 
ns, 0 ss constantly present than the three elevations, een suggested, especially as some of the ideas upon which 
hee! signated by EKinthoven as Q and S. Nicolai’s lettering are based l n dispute. It seems to 
The small elevation P corresponds in time to the excita ne better not only on account of their priority but also on 
wo atria, while R and TJ, as well as QO and SV, all account of their freedom from explanatory significance to 
long t time of excitation of the ventricular muscle.’ retain the letters used by HKinthoven as termini. It cannot 
e vent! ir portion of the curve is conveniently divisible help but be confusing if some workers describe their curves 1n 
wo parts: (1) that formed by Y, R and S—R, by far the Nicolai’s terminology, extremely interesting and important 
atest | five excursions, being sometimes designated the 1s his work is, while others use Einthoven’s. For the present 
tua icular variation; and (2) that formed by 7’ (whic) 
\ J i 
ith 
rds J 
an \ 
he \ 
ut = . /\ \ P /\ 
the a_i 
\a Ap da ] Fp 
ng 
Al ! 
+t ransimiiss Ver al “ tions-s Pause 
Fic. 15.—Normal electrocardiogram obtained by photographing Fig. 16—Analvsis of electrocardiogram according to Nicolai 
l@ movements of a sensitive galvanometer. The upper figure (from Nicolai’s article in Nagel’s Handb, der Phys. des Menschen, 
shows the photographed curve, while the lower one is a diagram 1909, I, 825). 
onstructed from the photograph to make clearer the electrical 
hanges in a single cardiac cycle. To obtain this record the 
lectrode vere connected with the right and left hands. Waves ny rate I hop al workers In this country will NOW 
ith the apex upward indicate that the base of the heart (or the Binthoven’s lettering of the curves 
right ventricle) is negative to the apex (or left ventricle). Bias ; 
Vaves with the apex downward have the opposite significance. 
Vave P is due to the contraction of atrium. Waves Q, R. 8S T B 7 > : 
nd 7 occur during the systole of the ventricle. The curve HE EFFECT ON THE NLECTROCARDIOGRAM OF ALTERING THI 
seems to show that the contraction in the ventricles begins first Sires WHENCE THE CurRENTS ARE LED Orr. VARIOUS 
ward the apex (or in the left ventricle), since the negativity 
first appears toward that side (wave Q). (Einthoven.) Leaps or MrerHops oF DERIVATION. 
= ' , The typical curve shown above was obtained by leading off 
s higher than P but lower and slower than #)—sometimes a ' 
i. a . . —e a A U! current from the two hands. it 1s not a matter ol In- 
fler-varwtion or final variation of the veniricie. iain ; een ' Pp , 
a difference what parts of the body are chosen for the deriva- 
n. he distance between P and QO (or R) represents the time re- : a : 
. : tion of the current: indeed there are very characteristic 
spread tne exeltation rom ti tria to the 7 = : - . 1: oe 
|: : eo oe ; features of the curves from any given individual for differ- 
nr! . na tl eretore 8 a cood measure of the . As- J 8 . . ° ° ry) ’ 1 4 } ] 
IS se ent derivation-sites. Phe wing three principal deriva- 
tery excitation. int] 
tion-sites have been used and recommended by Einthoven and 
st t terminology for the various excursions or waves 
, . : may be regarded as standal methods ol erivation In making 
( e has peen Ssl coested by Nicolai ( Fig. 16). He 
* . irves tro il earl 
$ eS} tention to the three elevations w h Einthoven ; | , :' 
y ead or Derivation I, right upper extremity and left uppe1 
alls nd 7’, but prefers to designate them A, J and F, s i 
5 ' ne extremity (Fig. 17). 
since xpression of atrial excitation, and J and / oo 
Lead or Derivation I], right per extremity and leit lower 
extremity. 
‘Hoffmann calls attention to the resemblance of the ventricular ;, : HT. 1 eae 
P , ? ’ ad or Werivatio elt pper extremity and lett lower 
L portion the electrocardiogram to the negative variations ob- Lead . ivation , ~* 
talned Judin from gastrocnemius of the frog. extremity (Fig. 18). 
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The different curves obtained by varying the derivation 
nake it imperative that in published curves explicit state- 
ments be made as to the methods of derivation resorted to in 
their production Moreover, experience has already demon- 
trated the desirability of systematically making three elec 
trocardiograms from each individual studied, one by each of 
he three modes of derivation mentioned. Important infor- 
nation may sometimes be gained from one of these which is 
wholly lacking in the others. I realize that this complicates 
procedure somewhat for clinical use, but the advantages 
are so great that I cannot understand the indifference of 
Nicolai and Simons regarding the matter, still less the out- 
spoken opposition of Strubell to the use of any derivation-site 
other than P.. 


ve so confused bv the use of three different sets of curves from 


Strubell’s argument is that physicians will 


he three derivation-sites that they will be disinclined to con- 
sider electrocardiography at all. It seems to me that any 


yhvsician who will take the trouble to understand the mechan- 





Fic. 17. Fia. 18. 


Fig. 17.—Leading off current from the two arms, Derivation I 

(after Einthoven (W.), Le Télécardiogramme, Arch. Internat. de 
Phys., 1906-7, IV, 144, Fig. 14). 
Leading off the current from the left arm and the left 
leg, Derivation III (after Einthoven (W.), Le Télécardiogramme, 
Arch. Internat. de Phys., 1906-7, IV, 144, Fig. 15). a, Carotid 
pulse and electrocardiogram, D,; 0b, Carotid pulse and electro- 
cardiogram, D.; c, Carotid pulse and electrocardiogram, D,. 


Fig. 18 


sm of the string galvanometer at all and give the matter 


study enougn to make 


limself familiar with an electrogram 
taken by D, will scarcely turn back if he is told that very 
distinct advantages are to be gained by the consideration also 
of the forms of electrograms obtainable by D, and D,. 
Samojloff puts it well when he says, “One must test the 
ieart for its electrical expression by examining it at different 
points. Just as one looks at an object from all sides in order 
better to understand its form, so one must try to ascertain 
the distribution of electric potential in the heart by suc- 
cessively altering the sites whence we derive the action- 
vurrent.” 


In Fig. 19 are given three electrocardiograms taken by Ein- 
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thoven from one and the same individual, with use of the 
three chief methods of leading off the current. It will be 
observed that the three main elevations P, R and T are 
recognizable in all the curves but that the appearance of these 
waves, their height and direction are somewhat different. A 
further feature, probably very important, is the discrepancy ip 
the times at which the various waves occur with the three 
methods of derivation; the waves in the curves do not occur 


in identical phases of the cardiac revolution: that the imen- 
sions of the three curves are definitely related to one another, 
however, is shown hy the fact that the curve obtained by D, 


a 


3 
i 
| 
f 


Fic. 19—Comparison of the forms of electrocardiographic 
curves obtained by the three different methods of derivation 
taken from the patient Hi (after Einthoven (W.), Weiteres tiber 
das Elektrokardiogramm, Pfliiger’s Arch., 1908, CX XII, 554, Figs. 
16, 17, 18). 


is approximately the algebraic sum of the curves obtained by 
D, and D,. This may be expressed as the formula, 
D,=D,+D,. 

If one examines a series of such curves he will be struck 
by the fact that this rule holds fairly well for the indivi lual 
waves; thus for the wave R 

R,=Rh,—-Rk,, 
and since 7’, is often as large or larger than T',, we find that 
T’, may be absent or even a depression instead of an elevation. 
In a rough way, therefore, given the curves by two of these 
methods of derivation, the third can be reconstructed from 


them. Not that such reconstructions are especially neces- 
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servers (Waller, 
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of accuracy of the recording method, for the 


cistration is now more accurate than any third 
ruction from the other two could be. 


Hoff as recommended two other derivations for human 
ngs. ne of these, which he calls derivation IV, he 
Is urrents from the right arm and from the left 

s e three fingers’ breadth above the rib margins. 

In the . which he designates derivation V, the currents 
re led rom the right arm and from the angle of the 
ipula » back. It seems scarcely probable that deriva- 

I in I, II and III will be necessary for routine 


The rm of the curve in-each of the several deriva- 


Waves 


s largely upon the position of the heart. 


ns 
hien a mall or absent in a curve obtained by one deriva- 
n well marked in a curve obtained by another 
In contrast with the asynchronism of the waves 
typic ctrocardiograms in the three derivations is the 
neh f the waves of the atypical electrocardiograms 
led ill three derivations in ventricular extrasystoles 
le i ). Observations on human beings and on dogs 
ww that, as a rule, curves taken by derivation II yield the 
ighest ves, A striking feature of the curves taken from 
itients with hypertrophy of the right or left ventricle is the 
rge potential differences revealed by D3. 


OMBINED ELECTROCARDIOGRAMS AND THE COMPARISON OF 
ELECTROCARDIOGRAMS OF Two INDIVIDUALS 
witH ONE ANOTHER. 


rif 


As has been pointed out above, there may be slight devia- 


lth from the “typical” or “ schematic ” electro- 


ns ilt 
wdiogram described. The curve yielded by a single indi- 
lual is, however, peculiarly constant if taken always under 
e same conditions. Electrocardiograms recorded over a 


he same individual have 


ne and a half vears in t 


{ ‘ ‘ A 
rove e very similar to one another (Samojloff). As 
S nstrumental side of the record is concerned, it is 
asler ze identical conditions of registrations with the 
ring galvanometer than with a sphygmograp! 
In or » compare the curve yielded by two individuals at 
e san oment and with the same apparatus, various ob- 


Samojloff) have led off the currents from 


t onee (combined electrocardvograms). ‘This can 


W ( 
» done in two ways, either by having one person with his | 
ght hand grasp the left hand of the second individual, the 
ther two hands being immersed in the fluid of the electrodes, 
two individuals facing the same way; or by having the two 
ersons stand opposite one another, each facing in a different 


n, their two right hands being placed in the fluid of 


e one electrode and their two left hands in the fluid of the 


el trode. To use terms employed in describing the 
union lectric batteries the former arrangement may be 
alled the series method and the latter arrangement the 


In Fig. 20 I have reproduced a curve taken by the series 
method by Samojloff and in Fig. 21 one taken by the parallel | 
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method by the same observer. It will be noted that the waves 
from the two hearts by the first method have the same direc- 
tion, while in the second method they have an opposite direc 
on the film. In the portions of the records shown the 

recognizable. In the 


tion 
, 
are Casly 


1 


waves due to the two hearts 


long original curves there are parts where the waves overlap 
or interfere with one another in such a way as to make recog- 


nition of the individual electrocardiograms difficult or im- 


( 


possible. Those who have taken combined electrocardiograms 


point out that the principal difference in the curves compared 





Hin eR LEY 
He HPT ira 


Combined electrocardiogram of two human hearts; 
1 em. ordinate corresponds to 1 millivolt. 
Magnification 460 (after Samojloff (A.), 


Fic. 20. 
arrangement in series. 


Time markings 0.25 sec. 
Elektrokardiogramme, Jena, 1909, p. 26, Fig. 13). 


lies in the height of the wave 7’, whereas the waves P and R 


are more nearly equal. It is interesting that the curves per- 
mit not only the decision that two hearts are beating but also 


} 


a conclusion regarding the reciprocal orientation of the in- 


dividuals under observation. 
An ingenious application of the combined electrocardio- 


rram has been made by Cremer of Munich. This physiologist 
1ethod of derivation) from 


a6 | 


, 


recorded the curve 






ashen auth atten ath it 
NII 


| 
; ' 


bits 
j i 


; 
' 
i 


Fig. 21.—Combined electrocardiogram of two human hearts; 
arrangement in parallel. 1 millivolt corresponds to 1 cm. ordi- 
nate. Time marker 0.25 sec. Magnification 460 (after Samojloff 


(A.), Elektrokardiogramme, Jena, 1909, p. 27, Fig. 14). 


a pregnant woman and was able to distinguish the waves due 


to the foetal heart from those due to the mother’s heart (Fig. 
22). The possibility of confirming clinical obstetrical diag- 


even of making positive diagnoses in otherwise 


1 
noses and 


doubtful cases by the aid of the string calvanometer is obvious. 


It seems probable that twin and multiple pregnancies may be 
easily diagnosed in this way: rther, it is believed that with 
the aid of several derivations may be possible to come to a 
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ecision as to the reciprocal positions of the twins in the 
nothe od 

An etfort is been made to regard the tvpieal « leetrocardio 

ym taken from a healthy person as the combined electro 
irdioeram of ey t and itett sides of the heart. Araus 
md Nicolai have ne farthest in this direction and base their 
MMIONS iefl won curves obtained when there Is a lack Ol 
synehronism between the aetivities of the right side and the 
eft side o i heart. Whether their conception is a correct 


Fig. 22.—Electrocardiographic curve taken from pregnant 
woman, showing beats both of maternal and of fewetal heart (after 
Cremer (M.), Mitinech. med. Wehnschr., 1906, I, 813, Fig. 24) 

ne or not, further experience must determine. ‘The relation 
to the elinieal conception of hemisystole is obvious and Kraus 


ind Nicolai maintain that such a elinical hemisystole is a 


ility 
Tne TELECARDIOGRAM. 
For several reasons it is often desirable to take tracings 
m patients who may be a considerable distance from the 
ectroeardiographie station. In the first place many cardiac 
atients are too ill to be removed from a hospital ward to the 
eart station. \cain in many instances an electrocardio 


rraphie apparatus will be set up in a physiological laboratory 
vhen one is not available in a hospital in the same town. To 
neet these requirements wires mi ve laid connecting various 
wards of the hospital with the heart station which is situated 
ther in the hospital itself or in a physiological laboratory 
n the same town Kinthoven in Leyden laid wires between 
1e Leyden Hospital and his laboratory, a distance of more 


} 


than a mile, and took tracings in his laboratory from patients 
in the hospital wards. The main difficulty lies in the pre- 
vention of induced currents en route. but that such telecardio- 


yrams are feasible has been fully demonstrated. 


\ COMPARISON OF THE ELECTROCARDIOGRAM OF CERTAIN 


ANIMALS WITH THAT OBTAINED FROM MAN. 


Physiologists naturally worked largely with animals, though 
the early studies were made with the aid of the capillary elec- 
trometer For the more important observations we have to 
thank Waller, Gotch, Gaskell. Einthoven and Buchanan. 

In recording ‘leetrocardiograms rom animatis, certain 
special methods have to be emplovead, The animal must be 
cept quiet, and for this purpose anesthesia mav be necessary. 
Kleetrodes of spe lal tvpe are ised md one ol the be st methods 

derivation is to lead the eurrents off from the cesophagus 
and from the anus. The sensitivity and speed of setting of 
the galvanometer have to be adapied to the particular animal 

nder observa 

In Fig. 23 is reproduced the electrocardiogram taken from 


ven 1n Samojloif’s 
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rlicle li Dai rea Hanns 
emart bh] ict na el 
] + 
I at intima eTtrocart 
as onl) me ventric! 
electrocardioeram as that 
rT } ( etTroecardioeran 


tanee for experimental p 


trocardiograms of healtl 


rchiv, 1906, Suppl. Bd. Vi 1 ver 
important for our un nding 


liogram that the frog’s |] wl 


ls practically the san mn 


riven by a mammal. The ilarit 
lded bv the dog to that ven 

i. These facts are of eo mpor- 

vslology, for obviously, sin ods 


vy animals are very similar to thow 


of normal man, experimental modification of the ele cardio- 


n human beings (vide tr 


One interesting appli 


tained the frequen 


sce! 


indertaken contidently, Wl he ex. 


throw light upon patholog Curves 


fra). 
ition of the electrocardi m has 
the frequency of the heart it and 


ardlogram in birds. Bu n° Nas 


f the heart beat in a & finch, 


two ereen-finches, four sparrows, three pigeons and three hens. 


James Max renz1e had }) 


na hen to be about <at 
vold-fineh’s heart beats 


minute, the green-finch’s 


| 
i 


oe See ewes ee ee * 


99 


eviously ascertained the frequency 
) per minute. It turns out ihat th 
etween 900 and 925 times per 


heart between 700 and S48 times per 


CTE Oe a re 





Fic. 23.—Electrocardiogram of dog’s heart; D.. Abscissa 1 mm. 
0.04 sec.; ordinate 1 mm. — 10-4 volt (after Einthoven (W.) 
Weiteres iiber das Elektrokardiogram, Pfliiger’s Arch., 1908 


CXXII, 528, Fig. 3). 


minute, the sparrow’s he 


minute, the pigeon’s 


minute, the hen’s heart be 


On CERTAIN EXTERNAL 
THE ForRM \ 


In a preceding paragra 


cardiogram dependent u 


currents were referred to. 


ne etrect oft certain ext 
in effect upon the form 


ations due to these 


change in the heart muse] 


Aside from the sensibil 


wlarization of the elect 

ie tollowinge are the 

he patient should sit 
Buchanan (F.), The fre 


of the electrocardiogram 


XXXVIII, 1909, 62-66. 


irt between 745 and 850 times per 
$1 and 225 times per 


~ 


tween 304 and 345 times per minute. 


INFLUENCES WHICH MAY MODIFY 
FP THE ELECTROGRAMS. 


] 


ph the modifications of the electro- 
pon the mode of derivation of th 
It is necessary to understand als 
irdial influences which may hav 
if the curve in order that mor 


not Tr regarded is evid nces 


ty and setting ef the galvanomet 
rodes, shaking of the galvanomet 


principal points to be atte! 


n a comfortable chair with all lus 


quency of the heart beat and the form 
in birds. J. of Physiol., Camb. 
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S Ui son why the Q, &, S system is more modi 
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since muscular tensions and contractions may 


EKinthoven insists upon the patient sitting 
ite from that in which the galvanometer is 
‘ oms being connected by wires. In hospitals 
— vy be connected by wiring with the heart 
ioven’s laboratory in Leyden, alvano 
e currents of hearts of patients in the hos 
alf away (telecardtograms). 
should breathe qt lelly. htespirati nm appears 
ve sometimes and not at other times. Accord 
en the svstem of waves Y, /? and S is depressed 
ee] ation. Sometimes only the wave /# is dimin- 
ed. i se changes do not appear to be due contrac- 
esplratorv muscles themselves, nor does the 
v osition of the heart through the fall of the 


erate acter diana tamntial temas! ntaastel nteatinl iene 


Fig. 24.—Electrocardiogram taken from a patient with Cheyne- 
Stokes breathing during a period of marked dyspne@a; D, (after 
Rinthoven (W.), Weiteres tiber das Elektrokardiogramm, Pflii- 
ger’s Arch., 1908, CXXII, Taf. XII, Fig. 8. Only a portion of the 
riginal figure is reproduced). 


expansion of the thorax seem suilicient 
Y feet since only Y, R and S are affected while P 


l { Nor would it seem probable that a modified 


( to the action of the vagi or the accelerator 
nerves is responsible, for the changes oceur without phase 
ang cisely at the moment of deepest inspiration, and 


: nt at some mechanical connection between the 


athiz ements and the electrical effects rather than 


: effect by way of the central nervous system. This 


1 gta aanlnnteynny Naaarnntiny mend 
Fic. 25.—So-called splintering of the curve in myocardial dis- 
ase (atter Kraus and Nicolai). 
inthoven’s observations—and it is to 


specially that we are indebted for our knowledge 


erning respiratory influences upon the electrocardio 

( of dyspnoea and Cheyne-Stokes breathing 

n Fig | ve reproduced his curve taken during violent 
5 her eurve taken during apnoeva can, he asserts, 
: stinguished from this one. ‘They are so nearly 

tC on can probably exclude the effect of the 


tseil. Kinthoven believes that the respiratory in- 
es as noted depend upon negative interpleural pres 


} 


s stronger on inspiration and could exert a defi- 
e upon the circulation. This influence would 
ect 1 *ht heart more than the left and this he thinks 


ied than 7’. 
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) e hands of the patien Ihe lintering $s rather tov 
Him e acc ( ) I i ition. | re] S 
SNOW! the effects l ( 1 ( urve I ‘ unas ] 

isseCurs Cl Ss 1hé Cl i! dad people an n eCauk 
individuals t ( cts noul ( oted In the 


irves which we ave taken 1 e Johns Ilopkins Hospita 


m patients sulferins ron \ thalmic oitre the fine 
tremol loes not seem t ive caused much elormity of the 
curve. It woul e Interesting » Take Ip) SVS mat ally c 
stue I freren ( s (GI = § Ss a1 son’s 


\ remarkable deformity of the rve is that whieh is pro 


duced by induction from ternating electric currents i ( 
neiehnporhnood L tive n=trumen | a hoy $ 

tremely sensitive nduct { specia those ! 
mnted 

\re 

er seco 





Regular tremor of the string due in all probability to 
Kahn (R. H.), Pfilii- 
Only a part of the 


Fic. 26. 


induction from alternating current (after 
ger’s Arch., 1909, CXXVI, Taf. IX, Fig. 7. 
original figure is reproduced). 


Kahn thought that these were duc jars of the instrument, 


yut it seems likely that they were induction effects from an 
alternating current (I*ig. 26). 


Another ver\ nteresting IcLOr \ cl 1] fl ences the torm 


of the curve is the position of the heart itself in the thorax. 


This has been studied by Hoffmann and by Einthoven. Hoff- 


1ann showed that lisplacement ol the apex f the cat’s heart 
o the right distinctly affected the form of the curve and he 
is made observations on human hearts dislocated by pleural 
effusion and bv blowing up the stomacl Strubell suggests 
that observations be made on patients when the stomach is 


empty on account e influence splacement. 


Einthoven and Lint believe that the exact position of the 


eleclLroeal 


heart in the thorax can often be determined 


raphie examination with the three methods of derivation. 
: 


Thev maintain that the height of the waves alone will show 


f 


vhether the heart axis is direct nore from behind rwarad 


in one individual than in another. 













































372 JOHNS HOPKINS 


A careful study of the relation of the electrocardiogram to 


e conficuration of the thorax and the position of the heart 


vith orthodiagraphie control) has recently been made by H. 
Grau 
CLINICAL UBSERVATIONS N HuMAN BEINGS. 
Though the method is ver new, i has already been intro- 


luced into the elinie by Einthoven, Kraus and Nicolai, Stru- 


bell, Hering and Kahn, Rothberger, Hoffmann, Lewis and 
outfits are being 
We have 
art-station at the Johns Hopkins Hospital; 


in excellent installation of the largest mode! and of the best 


thers. In this count electrocardiograpnie 


set up in the elinics of several of our larger cities. 


photographie registration-apparatus has been made Dj Dr. 
\ ilter J imes at the Pre sbyter an I| spitai mn New York. 


the association 


American Physicians in Washington last May. In this 


irticle I shall refer almost entirely to ISuropean observers, 
est ng s ( es made in our own clinic In Balti- 
more during ast year for e articles to be published in 
collaboration with Dr. H hfelder and Dr. Bond. 

Among other eclimea onditions which ave been invest 
rated e mentione (1) e hypertrophy of the atria 
1 mitral stenosis P- ert e Tl t ventricle n 

ra tenos (.) ert! Chie elt ven cle, esp 

! n aortic insuficieney; (4) ventricular extrasystoles ; 

) { 1¢ eardla dimie goitre: (6) heart ylock 
ases (4 congenital heart disea (Oo) atrial paralysis ana 
puisus irregularis perpetuus with atria ibrillation; (9) the 
earts of neurasthenie patients; (10) the hearts of infants; 





Fic. 27.—Electrocardiogram from a case of mitral stenosis. 
Note the exaggeration of the P-wave. I millivolt 1 em. ordi- 


nate, while 1 cm. of abscissa 0.2 sec.; D, (after Samojloff (A.), 


Elektrokardiogramme, Jena, 1909, p. 29, Fig. 15). 


observations upon the activity of the left atrium have been 


ide means of the cesophageal cardiogram (Minkowski). 
5 ectrical examination of the atria is made with the 
ereatest ease and there can be no doubt that the P-wave of 


the eLectrocardl 


gram is synchronous with atrial excitation. 


In Fig. 27 is reproduced the curve taken from a case of mitral 
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The marked accentuation of the P-wave vious 


It is fully as high as the 7’ wave of the ventricular portion of 


the curve, which is never the case under normal « 


litions. 
Similar observations upon the high P-wave in mitral stenosis 


were made earlier by Einthoven. 


HYPERTROPHY OF THE RIGHT VENTRICLE. 


In hypertrophy of the right heart R, may be negative ang 


R. may be markedly positive (Fig. 28). An interesting case 








se Sesctl seers 1329 Sr tareces: 


Fic. 28.—Electrocardiogram from case of mitral insufficiency 


with hypertrophy of the right ventricle; D, (after Einthoven 
(W.), Le Télécardiogramme, Arch. Internat. de Phys., 1906-7, 
IV, 145, Fig. 17). 


1 hypertrophy of the right ventricle is recorded with three 
in Samojloff’s article (see his Figs. 20, 
s Kinthoven’s idea that, in hypertrophy 
where &, is very high, the fibres of the con- 
lucting system carry the stimuli to the regions which ar 
near the base of the heart, while in hypertrophy of the left 
heart with a negative #, the portions of the ventricle first 


stimulated by the conducting fibres lie nearer the apex of the 


HYPERTROPHY OF THE LEFT VENTRICLE. 


f the 


An in- 


EKleetrocardiograms from cases with hypertrophy 


left ventricle have been made by several observers. 
30, taken 


teresting example is that shown in Figs. 29 and 





Ne al oel™ pee made 

wf “/ a “ 

Fic. 29.—Electrocardiogram and carotid pulse from a patient 
with hypertrophy of the left ventricle due to aortic stenosis; 
D, (after Einthoven (W.), Weiteres iiber das Elektrokardio- 
gramm, Pfliiger’s Arch., 1908, CX XII, 569, Fig. 31). 





ome te: Neg Nt 1 Nag ets Hs 
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Fic. 30.—Electrocardiogram and carotid pulse in a case of aortic 
stenosis with hypertrophy of the left ventricle; D, (after Hin- 
thoven (W.), Weiteres iiber das Elektrokardiogramm, 1908, 
CXXII, 569, Fig. 30). 
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m a patient with aortic stenosis and hypertrophy of the 


L 





Here with the first lead R is very high and T is 
rative, while with the third lead FR is negative and 7’ is 


importanc of multiple derivations is « specially 


ell ill ted bv these two curves. 
In Figs. 18, 19 and 20 of Einthoven’s article entitled Li 
ardiograrme, the curves from three patients with hyper- 


tro} e left heart are illustrated. With D, all of them 
vative R, while with dD, all yielded a positive R. 


Simil es are recorded by Samojloff in his Figs. 17, 18 


19. 2 is positive in them with D, and D, and strongly 


BI VIOR OF THE 7-WAVE IN MYOCARDIAL DISEASE. 


In curves taken from normal hearts 7, and T, are positive 
Q may be either positive or negative. In cases of 
ca lisease it has been a common finding to obtain 

rves ich the wave T was very low or even negative 

ith D, or D, (Fig. 31). Einthoven has expressed the 
pini it this finding always indicates a diseased heart 


path log! al change may be only mvocardial in- 
myocardial degeneration. This view has been 
support vy Kraus & Nicolai and by Samojloff. Necent in- 


iowever, have shown that a positive 7’-wave 


Fic. Electrocardiogram with loss of J-wave in myocardial 
after Kraus and Nicolai). 


seas 

1 resent even in severe myocardial disease and in 
narked myocardial insufficiency (Hoffmann). As yet the 
exact significance of the 7’-wave is very obscure. 


PHI rYPICAL ELECTROCARDIOGRAMS YIELDED BY VEN- 
rRICULAR EXTRASYSTOLES. 


{mol the most interesting electrocardiographic curves 
tained clinically are those yielded by hearts in which ven 
‘he 


tricular extrasystoles occur along with normal systoles. Tl 


extrasystolic curve presents a striking appearance in contrast 


tl} typical electrocardiogram, for these atypical curves 


ed by large potential differences which continue for 


ad relatively long time. As a rule the electrocardiogram ol 


} 


il heart contraction takes the form of a simple di- 
is tion-current due to a gradual advance of the excita- 


ve from one end of the ventricles to the other. Thi 


sti s is not initiated proximal to the ventricles, but evi- 
lent sins in the ventricles themselves, sometimes near the 
ise, § times near the apex, or probably sometimes in the 
right ventricle and sometimes in the left. Excellent examples 

tl urves from such a ventricular extrasystole by all 
thre thods of derivation are shown in Fig. 32. ‘The 


tient, a woman, A. v. Y., suffered from myocardial degen- 


ration, and in the electrocardiogram of the ordinary beats of 
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the heart the 7-wave was sometimes doubled in D, (Fig. 
32b). The extrasystole yields a wholly different curve from 
that of the ordinary systoles. There is no evidence of P-, R 


rent 


or 7'-waves, but instead an outspoken diphasic action cu 
making a simple curve of two large waves, one being directed 
In D, (Fig. 32a) it is 


obvious that the origin of the wave is nearer to the right sid 


upward and the other downward. 


than to the left side of the heart, while in D. (Fig. 32c) the 
curve indicates that the wave originated nearer the apex than 
D, (Fig. 
32b) than in J, and D, agrees with the assumption that the 


the base. The fact that the two waves are lower in 


stimulus originated in the right ventricle near the apex; 
thence it advanced gradually in a direction toward the left 


and upward. 


Now when the atypical heart-contraction begins near the 


ta 


i ' } | j 
V 


Fic. 32.—a, Curve showing an extrasystole or atypical heart 
contraction by D,; b, Curve showing extrasystole or atypical heart 
contraction by D.; ec, Curve showing extrasystole or atypical 
heart contraction by D,. Form of electrocardiogram in ven 
tricular extrasystole or atypical heart contraction by the three 
principal methods of derivation (after Einthoven (W.), Weiteres 
iiber das Elektrokardiogramm, Pfliiger’s Arch., 1908, CXXII, 579, 


Figs. 36, 37 and 38 combined into one figure). 


base of the heart and advances toward the apex the curves 


obtained are quite different. In Fig. 33 are reproduced the 
electrocardiograms obtained from Einthoven’s patient S. K., 
who suffered from a bigeminal arhythmia dependent upon 
regularly recurring extrasystoles. In Fig. 33a the curve ob- 
tained by D, is recorded, while in Fig. 33b that obtained by 
D, is given. For convenience in Fig. 33a an ordinate of 


1 mm.=10~* volt, while in Fig. 33b an ordinate of 1 mm. 






























1gd1ca Sa potential 

i ) l (n Nn 

1 ettering J 

cal i dromi 

D w hic ndica 

on bie ast towa 
il Su ests at 

ra = rl tbe 


sel owe 
iv 
Ie 
+ 
19 la 
eC ai ~ m\\ 
ii 3 s 1s 


R 
f 
i 
j A 





: if 
' i 
ae 20 
Fr a, Curve 
D 11mm 
F< ( Oo 
me oO vat 
Elektrokardiogramr 
and 41 combined 
bu n sugges 
{ - 4 
| oTes to ft 
eX TO ist 


THE TA¢ 


HYCARDIA 


SIOLOGICAI 


or extras 
0.04 Se” 
ned f ( 1 ¢ 
a . 
Pfliig - 
Oo one pS 
n ‘ ui 
OF LOPH 
rACHY 
t is, Si 
an S 
ir’ ¢ 
n ¢ eg 
s adiwa l 
Y 
U ( wa 
Clie l 
} 
rT Bartel 
y anha 


it 
nerence oO 


Go. &, 
s tnal 


JOHNS 





































HOPKINS HOSPITAL 


: t he waves ol 
il eslonated yy the 
{he waves ot the 
xtrasystoles are small 
assed almost d1recti 
I ninute elevation 
l} lus Was yrobvapl 
Uria. 
( Wat | 
~ s ICs 
( { llus DI 
( thr tl S 
. es in 
\ t ‘ l ( show 
l¢ ss r S 
] 
| 


Oe e of extrasystole 
late mm 2 X 10-4 volt. 
s the first and third 
n «iw Weiter liber das 
1908, CXXII, 581, Figs. 40 
ar = ess » SLOW 
~ \ ( t 
( n 
{ R AND THE PHY- 
DIA O XERCIS 
grams taken in a case of 
is | know, Hoffmann, who 
oF e Vel ( l OT- 
s\s i 1 Sse! ha 
g « R the er ’. 
l es I ir cilni¢ 
x ature 
Se ( es om pathological 
dlogran ined Kin- 
i! Oo elise (Fig 
r reise the eart 1s 
itria are stimulated before 





BULLETIN. [No. 237 


he ventricular electrical systole of the previous card evi 
ution has been completed, so that one obtains a supe1 \08i- 
tion of the atrial wave upon the ventricular curve, tl rme 
riding tile-like upon the latter. One notices also an eulay 


ment of the P-wave and the 7’-wave in this phys 





; { { } if, 
SESS ESSE 











Fig irve with individual at rest; D.; b, Curve from 
ame ind ifter viol xertion; D.. Curves contrastng the 
orm ol trocardiogram ter rest with that after exertion 
(from Einthoven (W \\ res iiber das Elektrokardiogramm, 
Pfltiger Arc! 908, CXXII, 566, Figs. 26 and 27 combined into 
AY irdia. Q, R and S are also somewhat more distinct 

an in e same itient at rest, but the changes are less 
striking in in P and T 

LECTROCARDIOGRAMS FROM HEART-BLOCK CASES. 

One approaches with a high degree of curiosity the records 

tain ectrocardiographic methods from patients pre- 
senting symptoms Ss s-Adams syndrome. Curves 

this sort have been recorded by Einthoven (Figs. 2 and 3 

{ rT mpanying Nis irticle entitled Le T'élécardw- 
yran ind Figs. 9 and 10 of Tafel 12 of his article in Bd. 
122 Pfliiger’s A rel Several cases of this sort have been 
studied als Kraus and Nicola Recently we have secured 

el cardiograms in Baltimore ym a case of complete 

ssociation atria and yentricles: the curves will be pub- 

shed in another article. Among the most interesting curves 
is vet lished are ose which accompany Pick’s article and 
which | reproduce in Fig. 35. The patient, a man of 43, 
ad ef ntractions of the atrium to one of the ventricle. 
he ndition followed 1 acute endocarditis and had been 
in existence for fifteen years. ‘Though the patient had a 
pulse f 30 he had kept up his work during a large part 
0 s ( At one peri e had one hundred and twenty 
attacks of syneope in twenty-four hours. Gradually the symp- 

yms became less and there had been no attacks during the 
roul ars preceding the record here shown. Normal curves 
by D, and D, are shown above for comparison, while the 
eurves from the heart-block case with the same two methods 
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ire figured below. One can searcely l1magine a 
, thod of demonstrating a complete or a partial 
Ss tween the activities of the atria and the ven- 
g comparative study of phlebograms, 
s and cardiograms are quite sufficient for the 
nass of waves which one obtains with such 
ymplex in contrast with the simplicity and 
0 lemonstration of dissociation which the elec- 
am atfords. In the figures, the atriai waves are 
P while the main ventricular wave is marked R. 
[here hree times as many P-waves as R-waves and they 
ear no regular temporal relation to one another. In one 
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tricular bundle and the path followed through the heart 


muscle is that traversed when the heart is beating normally. 


As an example of the thorough working up of a case of 


heart-block by all the newer methods, the reader should con- 
sult the report made by Vaquez, Clere and Ksmein (1909). 


We have recently had 


of making an electrocardiogram in a case of complete dissocia 


the opportunity, here in Baltimore, 


tion of the auricles and ventricles in a patient who had sul 


fered but little inconvenience from his cardiac lesion. ‘Though 


the slow pulse had existed for a long time, he had neve 


an attack of syncope. When first I saw the patient, a banker 


from a western State, he had been for some time under con 
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Fia. 35 Pick’s heart-block cas« a, normal curve 
) nr! r wave coincides in time with the atrial 
5. P.+V.). An interesting fact in connection 
urves is the character of the ventricular waves. 
I ( t se of the typical electrocardiogram ( normo- 


10t Those OL ventric ular extrasystoles (allodromic S 


mportant, therefore, in heart-block cases to recog- 


iracter of thi systoles as 


spontaneous ventricular 


ng wholly different from the ventricular extrasystoles 


| the simple diphasic curves with huge potential 


erences. It seems likely from this observation alone that 
€ sp vus svstoles of the ventricle in the Stokes-Adams 
yndl re initiated in the conducting apparatus close below 
the line which interrupts the continuity of the atrio-ven- 
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b, normal curve D,; 


siderable mental and physical strain and presented in addi- 
ventricular 
number of venti 
With rest in bed 


: 
quickly disappeared, and when the 


P-waves I the 


tion to his slow rhythm (normodromic beats) a 


ular extrasystoles (allodromic beats) 
ronment these extrasystole 
electrocardiogram 
taken one got 


h- and T’-wa 


rhythm. It was 


atrial rhythm and the 


dissociated ventricular 


spontaneous 
surprising how well the patient got along in 


spite of his heart-block. Ordinarily ventricular extrasystoles 


are of litttle help in the 


seems probable that in certain heart-block cases the allodromia 


mechanical work of the heart, but it 
nay prevent syncopal attacks. 


In health, during increased work, the rate of the heart is 
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increased through the action of the accelerator fibers upon processes of the body. The minute-volume, as calculated by 
the sino-auricular node of Keith and Flack, but in heart- Plesch, amounted in this case to 7.6 liters. When this patient 
lock the rhythm of the ventricles cannot be increased either tried to work, the usual methods to which the heart resorts 
directly through the accelerators or indirectly by the trans- for increasing the minute-volume were not available; the 
mission of the impulses from the sino-auricular node through frequency of the heart beat could not be increased in the 
the His bundle to the ventricles. On the contrary, the simul- ordinary way and the single systolic output had reached ag 
taneous exaggerated innervation of the antagonistic N. vagus maximum at rest. O iarily, therefore, one woulk xpect 
ay tend somewhat to slow the rate of the ventricles. It may that such a man, if he exerted himself, would suffer from the 

that this stimulation of the vagus favors the irritability of collapse of the typical Adams-Stokes syndrome. Syncope did 
the tertiary auxiliary excitation points, perhaps at the not occur and the reason probably lay, as in my patient, in 
termini of Tawara’s conduction system in the ventricular the development of the extrasystoles, whose systolic outputs, 
walls ind so permits of compensatory extrasystolic beats. added to those of the more normal contractions, sullic d for 
Such an explanation has been offered by Nicolai in a ease the cerebral oxygen-supply. If these views are correct we 


similar to the one I have mentioned above. In Fig. 36 is 


represented Nicolai’s diagram illustrating his ideas of the re- 








Vena cavu 








a ad 
be: 
Fig. 36.—Scheme of the cardiac centers of the conduction sys- Fig. 37.—Electrocardiogram before (Z) and after (II) work in 
tem and the points upon which the extra-cardial regulatory nerves a case of heart-block (after G. F. Nicolai). A = atrium contrac. 
act (after Nicolai (G. F.), Deutsche med. Wehnschr., 1909, II, tion; J ordinary ventricular beat (normodromic systole of 
2254, Fig. 1). , primary automatic rhythm center (Keith-Flack secondary center); H = extrasystole (allodromic systole from 
sinus node) , secondary rhythm center ( Aschoft-Tavara atrio- tertiary center). 
ventricular node). o, Tertiary centers (heart ganglia or muscu- Curve I 40 A 32 V per minute. 
lature). Curve II 65 A 26 V 26 Z2 per minute. 
52 " 
lations of the N. accelerans and the N. vagus to the primary _@. A at rest=A at work=4. 
: ; ee e | a: aaane pon me 
(normal), secondary (vicarious) and tertiary (auxiliary) V at rest=V at work=6. 
’ od on 2] +] ] Only a part of the original figure has been reproduced. 
centers of cardiac excitation. In Fig. vs are Shown the eiec- y : I 
trocardiograms in Nicolai’s case before and after work. 
Of unusual interest in this connection are the haemo- must recognize that extrasystoles may sometimes exercise a 
dynamic observations of Plesch. As students of cardiac most important compensatory function. 
pathology know, this investigator has worked out a method for 
measuring clinically the minute-volume of blood given out by 
, . - , . 1 . 1 , 1: CONGENITAL HEART DISEASE. 
the left ventricle. On the average in normal individuals this 
minute-volume amounts to four liters or about 60 ce. per Curves from congenital heart disease showing peculiar L- 
systole when the body is at rest. During work twenty times waves and 7%’-waves have been published by Einthoven (see 
as much may be needed and the increased minute-volume can Fig. 24 of his Le V'élccardiogramme and Fig. 35 of his article | 
be obtained either by increased systolic output or by a more in Pfliiger’s Archiv, Bd. CXXIL). I shall not reproduce them | 
rapid rate of the heart. here inasmuch as t! ‘act nature of the congenital disease 
In Nicolai’s case of heart-block the single systolic output does not seem to have been clearly made out. Only where the 
was very large, amounting to 174 ce. instead of the normal clinical study has been controlled by autopsy could such curves 
60 ec. ‘The size of this output was doubtless related to the lave much value. 
small number of systoles and was perhaps in part dependent The same comment applies to Wandel’s report of curves 
upon the fact that the patient was anemic, so that a normal taken in a case of persistent Ductus Botalli; here, instead o! 


minute-volume of four liters was insufficient for the oxidation- a single R-wave, the initial ventricle-variation was multiple! 














Decemner, 1910.] 


RIAL PARALYSIS AND ARHYTHMIA PERPETUA. 


Those who have worked with phlebograms and arteriograms 
have much interested during the past few years in the 
study cases in which the atria are paralyzed and in 
ahich e pulsus irregularis perpetuus exists. It seems that 
the pulsus irregularis perpetuus is sometimes accompanied by 


if the atria, though not always. We have re- 


paral 

peated aken curves from a patient under our observation 
at the hns Hopkins Hospital, in which the perpetually 
irrecular pulse was accompanied hy atrial paralysis. One 
notes the electrocardiograms the absence of the P-wave 


though 2 and JT are weil marked. The R-R interval shows 
remarkable variations in time. We have been able to observe 
cases in which atrial paralysis existed for a time (absence of 
P-wave) to disappear later (return of P-wave). Investiga- 


tions of similar cases have been made by Einthoven (1906-07), 
Kraus and Nicolai (1907), Hering (1908) and by Rothberger 
and Winterberg (1909). ‘These electrocardiographic studies 





Fic. 38.—Electrocardiogram from a case of paroxysmal irregu- 
larity. The P-wave is absent and the R-/? interval varies (after 
Thomas Lewis, Heart, 1910, I, Fig. 15). Only a part of the 
original figure is reproduced. 


] 


seem likely to bring the proof that in some of these cases 
ibrillation of the atrium exists (vide infra). The experi- 
mental investigations of Cushny and Edmunds, together with 
the electrocardiographie studies of Rothberger and Winter- 
erg and of Lewis (1909-1910), promise to throw much new 
light on what has hitherto been a dark portion of cardiac 
arhythmia. 

According to Kraus, electrograms indicate, in pulsus irregu- 
laris perpetuus, (1) the presence of groups of beats with fall- 
ing or rising rhythm; (2) often combinations with atypical 
heart-beats due to stimuli abnormally located, though these 
atypical beats are less often ventricular extrasystoles than 
eats arising from stimulation of the Aschoff-Tawara node 
in the His bundle at the atrio-ventricular junction. 

Lewis in London has recently (November, 1909) reported 


electrocardiographic observations upon atrial fibrillation. He, 


like Rothberger and Winterberg, believes it to be the cause of 
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the pulsus irregularis perpetuus. The electrograms taken 
show, in addition to the R- and 7’-waves of the ventricular ex- 
citation, numerous small irregular elevations throughout the 
T-R interval (i. @., 
which correspond to similar irregular waves obtained in 


between two ventricular excitations), 


animals in experimental atrial fibrillation. He suggests that 
James Mackenzie’s nodal bradycardia may be a complete 
heart-block associated with fibrillation of the atria. 

In a still later paper published in Heart (March 30, 
1910), Lewis gives a very complete review of the whole sub- 
ject based upon curves taken from thirty cases. In Fig. 38 
a part of one of the characteristic curves is reproduced. 


HEARTS OF NEURASTHENIC PATIENTS. 

A very careful study of a large number of the out-patients 
in the neurological clinic in Berlin has been made by Nicolai 
and Simons. It has been suggested that the wave S of Kin- 
thoven (Nicolai’s Jp) is especially marked in neurasthenic 
individuals, and Kraus had actually referred to it as the ner- 
vose Zacke. 


hypertrophic hearts, but in the hearts of children and young 


Kraus had found this wave present not only in 


adults, especially in young females. Most of these patients 
presenting the marked wave were infantile or feminine and 
had labile vasomotors, indicating a predominance of the sym- 
pathetic activities over those of the regulators such as the 
vagus. ‘The studies of Nicolai and Simons, however, have 
proved that many neurasthenic patients show no abnormality 
of the wave S. 


HEARTS OF INFANTS. 


It is interesting that Funaro and Nicolai found the S-wave 
(the so-called neurasthenic wave) well marked in forty-five 
sucklings from whom they took electrocardiograms! ‘They 
think it possibly due in these infants to slight dislocation of 
the heart owing to a high position of the diaphragm. This 
peculiarity of the infantile electrocardiogram is said to dis- 
appear after the first year of life, except in children suffering 


from retarded development, in whom it may persist longer. 


PAROXYSMAL TACHYCARDIA. 

Electrocardiograms taken during an attack of paroxysmal 
tachycardia have been published by Hoffmann (1909) and 
also by Lewis (1909). The curves obtained by Lewis are 
particularly interesting and confirm his view that two funda- 
mentally different forms of paroxysmal tachycardia exist, one 
(a) characterized by the persistence during the paroxysm of 
the presystolic contraction of the atrium (atrial or auricular 
form) and the other (b) by the absence of atrial contraction 
in the presystole, the atrium in reality contracting simul- 
taneously with the ventricle or a little later (nodal or ven- 
tricular form). 

Lewis has succeeded in producing a ventricular form of 
paroxysmal] tachveardia in dogs. After severing all the nerves 
connecting the heart with the rest of the body, the paroxysm 
of tachycardia can be started by simply ligaturing the de- 
scending branch of the left coronary artery, or better still, 
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trunk of the right coronary. In the tachycardia pro- eal is yet to speak with any certainty regarding ther Che 
l tl entricles contract first and the atria later, so that etalis W ( ind In the p eations of Kraus and \ ai. 
, 1} | . ; | Sen 
orm is itricular (though not nodal). Lewan VSK ad Strubel 
GALLOP-RHYTHMS. VAGUS EFFECTS 
el r of \ nna has studied electrocardiograms ( \ I S y yDSe Clo! ipon the effects Tus 
I nifesting ga p-I thn | irves resem : st eC Gaskell, Goteh, Eint} 
n the curves obtained from experimental animals It H. E. Herine 
( im ( " His nadie is een cut De \\ Cut 718 ( es e] of the hear 
vara’s 1 t sa is 1 { to look upon gallop ss s tonus. Ins 1 tachyeardia the « 
thm ah ey Lice | InIVeRUricula con 1 li-s\Stell waves ( I I ver when eX 
sturpance. atrial wa eol1ns, S if ( itflal wave ecomes 
: posed won the end of the preceding ventricular wa \) 
ELECTROCARDIOGRAMS IN EXPERIMENTAL WORK. : ; : 
1 o [in ns resuits on inds that the waves (/ R 
| e effects of rest, 0 exer ( wna ( I ion are , i iltered. t 4 ] ecomes a little sma 8 
} } ] lad ] ; . - 
eart b distended stomac i 8 a 
! ‘ te ‘ I SO \ hn iv ut tar the 
echanical means, have be { d especia vy Hotfmann , 
) ne : / Wille 1 . S 
nal thoven nad some yf results 1 l ecn rl 
ih a 
ed to a 
’ “i \ : vi is shortening 
servers a) } WO! ed «)] ey Doser 
\ num . , ' Ses The duration the 
f n es leadir iF t I S { ) | , 
. v A ; bas stig potent ine mn tiv I tie aivered, 
Ol nti ind attempting to throw eht upon the n ‘ . ae 
= : A-V interval is mu ) shed; in a normal anim t 
’ ele rade im obtaine ling I { os . ai > 34} 
; = amounted 0.15 seconds, ¥ ( an animal with cu ig 
| m es (oft 1 ot] xperiment rese; 3s ma ) , : ‘ 
extremit pS cw oe t was only 0.09 sg S. R-T interval in the 1a 
mentions the effects non the electrocardiocera r expe - t F : | ~S » the dor e ae 
mental hemorrhag vf xica 1s wus § ! = : | t i | 
L { 204 | en r Sc ) vus 
of injuries to the heart mus thermal emilca n ha 
fr injuries to t art muscle | rai, ¢ , ( nus ‘ vrea ; erences in the ati = 
x ee ee ae } Fhrillation of ti t | ntriclee rn : : 
ical, electrical) and of Lbritiation of the atYla and ventricies. potential differences in the ntricle, a slight shortening o 
the t of the atrial potential difference, a greater shorten- 
HEMORRHAGE. nite ; ‘ ; 
ing oO e time entricular differences and a shortened 
The m fect of hxemortr! re ol ie elt trocardiogram of F . , 1 
The main effect of haemorrhage on tl ais F 5 conducti f in se in { tissue between the atrium and 
the dow is a lowering of the 7-wave, perhaps due to the te vaniei 


lowered blood pressure (EKinthoven). According to Kahn Fm ens =f th these effects resulting from section of the 


] ] fy» tir } } . 

(1909) this lowering occurs only al some little time as va0 re thos tained e orades of stimulation of 
. val ‘ ={ i) Let \ t uP ucts s Ula Lit L 

elapsed; this author describes the series of changes In the these 1 s 

] tr } ) hie] f,]] hsepmort t ata) tf the . . , 

eiectrogram Whieh ToLlow Dwemol lave aue LO secLulonl O Lilt | | . en’. er ts two striking etter ts of feeble 

lominal aort: se 
abdominal aorta. stimulatior the vagus the dog were observed: namely 


CHLOROFORM POISONING. lengt ng of the heart pause with bradycardia, and decrease 


The effects of chloroform poisoning have also been studied In the sl P-wave. Ina tion to these two principal 
by Einthoven. The main ettect 1s seen in the wave Z, which ie C was @ Sls ase In the distance between 
‘ ’ , } : fy } : ae ea vee . R and T 
is changed and may often be negative. In deep narcosis 


r (+) th in stronger stimulation of the rus, sufficie Oo cause 
chloroform lengthens the A-V interval (that is, the lengthen- U1 - mulation vagus, sufficient to caus 


ing of time between the end of P and the beginning of Y or arrest of the heart, Eintl n observed a very marked effect 
R). If the chloroform be pushed stil! farther the activities of upon the atrial electrogram. Sometimes the P-wave is simply 
the ventricles and the atria may be partially or completely dis- diminished in height without undergoing marked change in 
sociated and extrasystoles may appear, yielding atypical elec- form, but in other instances the form of the wave 1s much 

ked] | if modified; instead of a sing vation above the zero line 


rocardiograms. These effects are all markedly increased 
the vagus be stimulated during the administration of t With fal aga that line, one sees a curve which falls below 

1 . ’ | ! { seissa after ‘ v9 t ris ry] thers hefor he 
anesthetic. Einthoven suggests that later on surgeons may € abvscissa a va rise again thereto before the 


come to use the string galvanometer during anesthesia in fi-wave appears. One notices also a litte lengthening of tle 
order to keep tab on the heart. t tia 1 tue atria and also a siight 
enct ‘ , P R 1 


OTHER INTOXICATIONS, Sometimes a complete dissociation between the atria and 


Among the other poisons whose effects upon the e] ctro- ventricles results from st no vagus stimulation and this, to- 
cardiogram have been studied are strophanthin, digitalis, cether with a fall « lood pressure during the block, is well 
musearin, adrenalin, diphtheria toxin and yohimbin. Work shown in Fig. 39. ‘The peripheral end of the right vagus 


with these poisons has really only been begun and it is too which had been cut through was stimulated by induction cur- 
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ipon the blood pressure curve and electrocardiogram in the dog: D. (after 


Fie. 39.—Effect of vagus stimulation 
CXXII, Taf. 11, Fig. 2). The vagus stimulation began at Z and ended at 


‘inthoven (W. Pfliiger’s Arch., 1908 
Only a part of the original figure is reproduced. 
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Fic. 40.—Electrocardiogram showing effect of destruction of portion of wall of left ventricle in the 
Eppinger and Rothberger, Wiener klin. Wehnschr., 1909, XXII. 1093) 
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of portion of wall of right ventricle in the dog (after Eppinger 


Fic. 41.—Electrocardiogram showing the effect of destruction 
ind Rothberger, Wiener klin. Wehnschr., 1909, XXII, 1094). 
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rents between F and F,; blood pressure fell from 130 to 32 
mm. of mercury; there was at first complete arrest of both 
atria and ventricles, followed by two atrial excitations which 
have no corresponding ventricular excitation; after this the 
regular sequence of atrial and ventricular excitation reappears. 
In the recovery from arrest of the heart from strong vagus 
stimulation the atria behave entirely diiferently from the ven- 
tricles. The atria evidently recover gradually, while the ven- 
tricles follow the “all or nothing ” law. When the ventricular 
excitations begin the potential differences of the ventricles are 
as large as normal while those of the atria are still smaller 
than normal. 

These (1909) 
largely confirmed and somewhat extended by H. E. Hering. 


results of Kinthoven have recently been 


INJURIES TO MYOCARDIUM. 


Attempts have been made to injure various portions of the 
myocardium in order, if possible, to interrupt the course of 
the impulses through the heart muscle and so to modify the 
form of the electrocardiograms. Eppinger and Rothberger, 
by means of a cooling spray, froze different foci in the two 
ventricles and obtained certain modifications of the R- and 
T’-waves. ‘They also injected sublimate and silver nitrate by 
means of a long needle into the heart, causing necrosis, and 
got interesting modifications of the curve. 

The immediate elfect of the injection was a shower of ex- 
trasystoles, but in one or two minutes a stationary condition 
usually resulted. Occasionally death occurred from fibrilla- 
tion of the ventricle. 

In injuries to the left ventricle the main thing they dis- 
covered was that descent of the R-curve was made more diffi- 
cult or hindered altogether (Fig. 40). The normal curve is 
shown at a, while at ¢ the valley between 2 and 7' has almost 
The authors got this effect thirteen times in 
The 


were the same whether they injected at the base or at the apex 


disappeared. 
twenty-five injections into the left ventricle. results 
and the effect could never be produced by a superficial lesion 
or by injury to the papillary muscles. 

Injections into the right ventricle yielded more variable 
In a there 


In D 


the R-wave is larger and there is a large S-wave followed by 


results. The extreme effect is shown in Fig. 41. 


is a fairly normal curve though the 7’-wave is split. 
a very large 7’. In ¢ and d the changes are still greater; S 
and 7 have grown larger and F has finally disappeared and 
they got a curve like that of an extrasystole arising in the 
left ventricle (d). 


tricular extrasystole, however, since the /-wave is present. 


This curve diifers from that of a ven- 


The effects produced by injuring the two ventricles are just 
opposite to one another. 

On injection into the septum it made no difference whether 
the site of the injection were near the apex or near the base, 
but it made a great difference whether the site selected was 
midway between the two surfaces of the septum or nearer the 


interior of one of the ventricles. When the middle of the 
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septum is injured the lesion resembles that due to injury of 
the left ventricle. 

In general, Eppinger and Rothberger were struck the 
fact that in these myocardial injuries sometimes ve arge 
foci had no effect upon the form of the curve, while ther 
instances very small foci had a marked effect. T! dif- 
ferences were probably due to the degree in which the con- 
duction-system in the heart was involved in the lesions. They 
subsequently tried cutting single portions of the con tice. 


system in curarized animals. Their curves obtained from 


section of the left and right branches respectively of ven- 
tricular poriions of the His bundle are reported to be very 
remarkable. These observers assert that on section of the 
left branch they 
that of an extrasystole originating in the right ventricle, and 


got an atypical electrocardiogram similar to 


on cutting the right branch an atypical electrocard cram 


similar to that vielded by an extrasystole originating in the left 


to the atypical electroeard ’rams 


ventricle, but in contrast 


yielded in man by ordinary extrasystoles the curves always 


presented, in addition, an atrial wave which was unaltered, 


On listening over hearts with one branch of the His bundle 


cut, they heard sounds resembling those of gallop-rhvthm, and 


1? 


they hint that gallop-rhythm in man may depend upon injury 


to one or the other branch of the [lis bundle. They have 
obtained a similar curve from a patient during life: the man 
was studied during several months and presented a constant 


form of electrocardiogram. At autopsy a large myocarditie 
focus was found in the septum and the naked-eye examination 
revealed apparently an interruption of the right branch of the 
bundle; the microscopic study has not yet been reported. 


rimental block, due to section 


It is interesting that in ex} 
of the 


atrial rhythm, but has no effect, 


His bundle, vagus stimulation causes slowing of thi 
they assert, upon the spon- 
Nicolai. 


finds some slowing of the ventricle in complete 


taneous rhythm of the ventricle. on the contrary, 


he art-i lock 
in human beings when the patient works: here the N. accel- 


] 


being stimulated, hurries the rate of the atria, while 


erans, 


simultaneous stimulation of the antagonistic N. vagus slows 


the dissociated ventricles and sometimes brings out com- 


pensatory ventricular extrasystoles (vide supra). 
EXPERIMENTAL PULSUS ALTERNANS. 


A oO" 0d ( leal 


few years upon the 


of experimental work has been done in the last 
production of disturbances of contractility 
of the heart as manifested in the form of pulsus alternans. 
One of the methods of producing this change in contractility 
consists in the administration of glyoxylic acid. In animals 
so intoxicated Hering has taken electrocardiograms; he found 
the typical form though the waves were low; in other words, 
in pulsus alternans we have, during the feeble systole, to deal, 
merely 


he believes, with a hyposystole, produced through 


stimulation of the regular conduction-system, not with a ven- 
tricular extrasystole. In the feeble systole the electrical 
changes may be large when the effects seen in mechanical 
The waves R and T may be both 
affected or either one may be more involved than the other. 


registration are small. 
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EXPERIMENTAL EXTRASYSTOLES 


These been studied with the aid of the string galvan- 
Einthoven, Nicolai, and especially recently by 


hn. isvystoles may be atrial, fascicular or ventricular 


rig ‘o summarize the results of these studies it may 
e said irtificial stimuli applied to the walls of the ven- 


e perimental animals yield atypical electrocardio- 


rams. ther words, the contractions resulting from such 
stimu rrespond more or less closely to those of extra- 


systoles. 1 occur spontaneously, rather than to those of 
norma eats. Kahn found that stimulation of the base 
ntricle and of the apex of the right ventricle 


ield nilar curves, while stimulation of the apex of the 
I elds a curve in which the waves are in the oppo- 


site ! here is a tendency, therefore, at present to 


issu t in extrasystoles yielding atypical electrocardio 
orame, irst wave be up and the second down the origin 
s to b | for in the right ventricle, while when the oppo- 
¢ . ise (first wave down and second wave up) the 
x extrasystole is to be sought in the left ven 
subject, however, needs further experimental 
since extrasystoles occurring spontaneously in man 
have their origin in stimuli arising near the 
. While in experimental animals ectrical 
st s has, as a rule, been applied to the external surface of 
The that there are uniform tvpes of electrocardio 
grams trasysto rising in the right and left ventricle 
spect s combated by good observers (Kraus and 
Nic . Lewis) on the ground both of observations on 
ngs and of animal experiments. The form of the 
ve obtained depends, Lewis believes, much mori 
) ist dias n which the extrasystole orig 
S nt s arising may be furt r col licated \ 
F sition upon it of a curve due to a normal « 
t \n extrasystolic curve is identical in length. hi 
sserts the cur of a normal excitation. He finds that 
Se sof spee irieties of electrocardiogram ea 
es] g excitation of the atriun mn a particulal 
g "hus he got different kinds of P-waves, that arising 
st tion of the vena cava superior resembling most 
x P of typical electrocardiograms. 
[’ ntricular contractions which follow upon extra beats 
m (so-called auricular extrasystoles) vary accord 
ng 1 e particular time in ventricular diastole in which 


on impinges upon the ventricle; the R-wave is 
ed and the 7’-wave is inverted if at the beginning 

st or diminished at the end thereof. The interval 
etween P and RP is often prolonged in the precocious auricular 


extrasys . Lewis emphasizes the constancy of form of ex- 


systoles when observed for months in the same individual 


L Ta ch points, in his opinion, (1) to a constant cause, 
a small myocardial area in which the abnormal 


l¢ ¢ fot 


= Telly 


Kraus and Nicolai have maintained that the ventricular 


electrocardiogram following upon an auricular extrasystole 


y 
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differs according as the extrasystole has been produced ex- 
perimentally in the right atrium or in the left atrium. 


FIBRILLATION OF THE ATRIA AND VENTRICLES. 


The important facts previous to electrocardiographic studies 
regarding fibrillation of the atria are summarized in Hirsch- 
felder’s article published in this Bulletin in November, 1908. 
An electrocardiogram of the ventricles in fibrillation was 
taken by Kahn in 1909 (Pfliiger’s Archiv, Vol. 126). 


oo - te +e - ae 
— - — - “ et etal 


Fic. 42.—Electrocardiogram from experimental fibrillation of 
the atrium in the dog. The pulse has the characters of the pulsus 
irregularis perpetuus in man (after Rothberger and Winterberg, 
Wiener klin. Wehnschr., 1909, XXII, 841, Fig. 1). 


In the same year Rothberger and Winterberg, using cura 
} 


rized animals, found that a brief faradic stimulus of two or 


three seconds, combined with vagus excitation, would cause 
fibrillation of the atria which would last for some time or 


even remain permanent. ‘Toxic stimulation of the vagus with 


drugs like pilocarpin, nicotin, physostigmin or muscarin also 
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Fic. 43.—Electrocardiogram showing coarser form of curve 
sometimes obtained in experimental atrial fibrillation (after 
Rothberger and Winterberg, Wiener klin. Wchnschr., 1909, XXII, 
842, Fig. 4). 
caused atrial fibrillation. Electrocardiographic curves made 
by D, showed complete absence of the P-wave and a tremor 
of the string all through the resting intervals. The R-wave 
was free from the tremor, though the T-wave sometimes 
showed it. In Fig. 42 a characteristic arhythmia shown by 
the variable length of the R-R intervals is observable; the P- 
wave is absent; the 7’-wave is distinct. In the pauses larger 


and smaller waves, which the authors think due to fibrilla- 
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tion, can be made out. The coarser form of atrial fibrillation INTERPR 
s represented in Fig. 43. The authors also show curves from a 
two patie nts with permane nt a nia; the tracings in thei lo alnet 
opinion prove the presence of atrial fibrillation. Sees a 
The most elaborate study of atrial fibrillation thus far made " 


is that of Thomas Lewis (1910). Rendering dogs insensi 

C 
tive with morphin and paraldehyd as well as by deep surgical 
anesthesia he produced fibrillation of the atrium by faradi 
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ATION OF THE TyPIcAL ELECTROCARDI iM. 
ryt } y . la swnlai } 

<3 VE een made to expiain the m of 

ora n the basis of the course fi dh 

, : 

thre ( art musele, For a th was 
wortion of the electroea ran 
ined ssuming that it represents alge- 
the 3 resulting from the negatir a 


negativity of the apex. The difficulty, vever, 


I a A ee a a ae Ai 5 Avene oft tha 
timulation one auricular appendix. H w off —_ avalnin the Ton r in other words. wh such a 
e from the heart in differ ava he oe tions ob a 
rents from the heart in different ways. Th cillation eenibanh i iia a | be two phases in the sa lives 
} re j 1e rriy } o other rpnerime 2 | on- , " ) ’ } 
tained were unique, occurring in n r experimental con . Ravlis Starling thought they had found the sol 
] Tha . lnetrated in Fies. 20 and 22 re / ‘ 
dition. They are illustrated in Figs. 20 and 22 accompany ee ia eae n that the excitation of the base of the 
ine his article i fi) T ¢ f eart "he riations ol 1 ] 
ing his article in Vol. I, No. 4, of Heart. ‘I variations of ;, =te . n that at the apex. According Hy, 
the current sueceed each other ray at a rate rom 500 low r portion of the curve begins \ 
to 900 per minute. They replace the P-wave of a norma P P - duces the quick ex on 
nd 6 1; r } 7 \ ) } ' x t r ] 
urve and distor » T-wave in came way as it alread ; 
curve and distort the T-wa t ame Way a urea » be : 1s due to the negatiy the 
St 1 curves Of pulsus irregularis perpetuus m ( mn . , ee ‘ 
en i vi f pu irreg) petu nman. 1 wwex, 17 vave 7 en be due in their opinion to the 
waves continue throughout the whole of the cardiac cyele. fact that t ise remains negative after the excitation pro- 
[hese waves are present only when the atrium is in ition 4 
38 < has cease 
and they disappear entirely in the same animals if the normal ry ee too) 
oe a rl ae | un ( nger negativity of the base Gote! is put 
rhythm becomes re-established. It would seem that Lewis , . a ie 
he 1 Roth 1 Wj wa 1 View Daser on the embryological development of 
on the one hand, an fothberger and Winterberg, on the . 
ee ; wa a ey \s is w nown, the heart is derived in the 
other, have arrived at almost identical results independently , : 
; ( sim ( nh iater becomes Curved 1n the 
of one another. , 
LOL l 3) | ipex the ventricle corresponds ore 
yr less t mid s loop. The atria and part 1e 
THE WAVES OF THE ELECTROGRAM AND INTRACARDIAC p } 
vases of b right and left ventricle belong to the beginning 
PRESSURE. : beg 
op, W gion the aortic bulb at the base 
The relation of the waves of tl | rram to events ir } 
ne reiation ol ne waves or tlhe ctrogrTa to events in rresM s to 1 n e loop. lf a@ be the base of the 
1 ° ° . . , 1 7 7 
the cardiac cycle in the dog has been studied by Kahn (Fig. nt ontinuous with the atria and 0 the part of the base 
R corresp g to th nary artery and aorta and ) the 
| Lp t il e) ition according to Gotch’s view 
' ; 
ASSES 1 throug In electrocardiogra))| ind b 
J Ll I wit ne end of the galvanometer an with 
the ot Thus, according to Gotch’s ideas, the base of the 
eart s negative for a longer time than the apex, not 
a i ea cidianaas ait "Mises a aa ecaus tion process remains longer in one and the 
vem 
0-2 sa sp ecaust rent parts of the base are excite 
Fig. 44.—Scheme showing the relation of the waves of the it different es, If G be right, then the wave R is due 
electrocardiogram to the curves of intra-ventricular pressure in Bi “ae 3 
the dog (after R. H. Kahn, Pfltiger’s Arch., 1909, CXXVI, 209, to t art of t ase W ive designated a and the wave 7 
Fig. 16). to tl pal f t is¢ les onated b. The stretch be- 
: ; tween AR and 7 VOI ce rrespond to the period ring 
14). He finds that the P-wave coincides with or precedes ; : , A 
] . , : ; als W ise and apex are simultaneously negative. As Gotch 
slightly the apex of the curve of intra-atrial tension. The 
) . . , ee oints t e spread of the excitation in the heart st be 
wave 2 is produced just before the beginning of ventricular é “Ries oa 
nor eX in that in a simple linear excitable structure 
activity and disappears during the tension-time: it is all ove 
. . “ir — " . the l = ( rs 1 Slmple structure may help us 
at the beginning of the expulsion-time. The 7’-wave, on the 5 ; . 
contrary, occurs during the expulsion-time; it is svnehronous - 
. . ! . . } N ases his pDianat n of the form f the elect 
with the plateau so often seen on the curve of intraventricular , = n of t 
. ' , ’ ecard } on the n ( ideas of the condi ion all 
pressure. On making cardiophonograms simultaneously wit ’ 5 ' ween OS tae COBeEe 
y . . : . . follow t 4 rrocess in the hear ze » and 
electrocardiograms, Kahn finds. in the dog. t it the firs a TT l ieart ol na au 
a aan : mn icher n vie tien renera elieved th: ‘ tri 
sound of the heart occurs in the interval between R and T: it , us. It is now g ally believed that 1 — 
begins synchronously with the ascent of the curve of intra ar nnected Vv ventricles on yy the atrio-ventricular 
ventricular pressure, just at the moment when the R-wav OUT f His ar ts radiations, which, as Tawara has shown, 
ceases, and the sound is over a little before the 7-wave appears eCON 0 nuous with t Purkinje fibers and the papular’ 
The second sound of the heart begins about one-twentieth of system; the papillary muscles in turn are connected with the 
a second after the end of the T-wave | external spiral fibers of 1 ventricle on the one hand and 
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le (T'reibwerk) of the heart (Fig. 45). 


;, ir mus 
‘ seems to pass Irom the atria to the papillary 
g s conducted along this from the base ol the ven 
cles ypex and then extends from the apex into the 

ular fibers, finally returning to the base. Until 

e pa system is reached the excitation follows a simple, 
i al and so might be expected wo g rise to a 

t with opposite phases. Acc¢ ne to Nicolai 

? and ss two such phases. The reason w! S is followed 


} 


il stretch lies, in Nicolai’s opinion, in the com 


. , 
hpers, since tne 


n ion of the spiral and eircular 





on-< ts thus set up reciproc compensalk or om 

( en the exeitation finally reaches the base again, 

3 tha atter becomes strongly negative, the T-wave 

ses the a tv of the heart muscl ases dul 
r - nt he next atrial excitation 1s dicate 

M i. WaVe 
\ yr to Einthoven the P-wave is due to excitation of 
itl he horizontal stretch between P and Y is due to 





hw h.w 


Fig. 45.—Scheme of the course of conduction in the cardiac 


muscle (after G. F. Nicolai) A, atrium; hk, His bundle J 


apillary muscles; V., spiral fibers of ventricles; 7, circular 


fibers or Treibwerck). 


assa f the excitation through the His bundle, during 
vhich the action-currents are so slight as not to registe! 
ence the excitation process is distributed to the walls ol 
e ventricles, but in Einthoven’s opinion a very large number 
spots er the surface of the ventricle are simultaneous! 
n ated. The waves Vv, R and S are the result. He thinks 
e stimulus happens to start close to the apex or in 

ntricle a Q-wave appears, while Y is absent ily 

S ( entric| ire rst exci tec he « ition 
g cl in specially 0 porvLons ( ventriculal 
IS e hase of e heart, gives rise to the R-wave, and 
r r IS IS ecdla followes ) S-Wave Nn 
( S s opinion at almost immediat i rward tlhe 
the | entricle and of various spots near the 

e heart got the upper hand. Then ows the hor 
ita ( etween S and 7’ duc minthe NKS ea 
n distr n of the excitation process over thi 
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at one time there is no 7’-wavye, a phenomenon sometimes met 
with im degeneration or insutliciency of the heart. If the 
rer than the left, we get an 


right ventricie stays contracted ton 
ipward 7’-wave in the first and second derivations, as is seen 
n all typical electrocardiograms. If the base of the heart 
stays contracted longer than the apex, we get an upward 7’ 
wave with D., while a downward wave with DV. shows that the 
ipex is longer contracted than the base. Kinthoven states 
n normal hearts the 7-wave with VY. may be either 
ositive or negative, while with J, and JD, it is always positive, 


ligher alter exertion and ess marked when the heart Ss n 


jured,. \ striking difference between Nicolai’s explanation 
ind Einthoven’s is the differen if opinion regarding the 


vaves FP and WS. \\ e Ni i iwsumes that this portion ol 
the curve is a diphasie curv ie to the spread of the ex 


ation in a linear structure, Kinthoven thinks that the ap- 


pearance of this pertion of the curve depends upon the in 
equality of excitation of various portions of the ventricle as 
L Whol 

| he similari ol the so-called a ical e@leetrocardiogram 
(ventricular extrasystoles) t nple diphasic curves Is very 
striking. Such curves are probab Kinthoven believes, due 
to the gradual advance of an excitation process from one end 
of a ventricle to the other. The stimulus here follows i 
course wholly different from that preceding normal contrac- 
tions of the heart, lt begins in the ventricles themselves, 
elther close to i@ pase or Close to the ay ana ma ve propa 
ra yin The ntricies to ea 1 

\ somewha hiferent explanation of the form of the 1 
rocardiogram from those olfer ibove is to be found in the 
writings of Eppinger and Rothberger. Basing their views 
ipon their experiments in which they injected sublimate and 
silver nitrate into the walls of the right and left ventricles 
thev come to the Hiowlne Conclusions: The ascent OL the 
R-wave is svnehronous with the beginning of the excitation 
n the actual wa | le ventricle, whereas the pause between 
P and PR includes, 1e \ elieve, the whote perlod of excitation 
ind conduction from the wall of the atrium to the termina 


tion of ‘Tawara’s conduction-sysiem. This process of stimulus 


onduction is not evident in any way in the electrocardiogram. 


On on the arr 1 of this stimulus to a whole series of 
olnts upon the inner walls of the ventrictes at the termini 
he conductilon-svstem Goes tiie entricular part OF the elec- 
rocardiogram begin. From this moment on (or even a littl 
ariel i (/-wave s pr sent ip to the n ) ie 7T'-wa 
e electroca lliographic ry presents, tire Sa le re- 
su int two antagonist ! s ( ne sendin 1 Wave ip 
asting longer than that tending to send a wave down. It is 
robabie, they 1 nk. al ear Ol these lorees Is In turn the 


resultant ol a large number of electrical torces corresponding 
e mu je sites stimulation. It is believed further 
Kppinger and Rothberge esi vo practica in - 
HIST orces COFrespol { vO tna subst Slons oO 
ar i nuscle ( lit ain rr spiral) wers and ( 
reular fibers. The circu ers li iefly in the w rf 
he left ventricle: ie longitudinal fibers are present in both 








LO 
+} 
a 


ipex and the papillary system are composed of longitudi 
r In the right ventricle nearly all of the wall is com 
ed of these ers, though one must bear in mind that the 
rection of the longitudinal mus fibers is somewhat dif- 
, { ) the oht tricle into which the right 
3 its od from that e lon idinal fibers in 
‘ t ec > { I orresponding to the pu 
ma niunad n 
Phe net n ers are antagonists of the circular tbers 
ereas the latt narrow and n en the heart, the former 
ten and widen it. The tw ets ers acting together 
eates DOSS] iin tion I ntraven 
l : sAppinger ana Rot COTO" elieve that these 
tag tic . S a ( eSPOoNnsible ( Opposite effects 
e@ trocardiogram. It is the cireular fibers, they think, 
ch cause cent of the curve and the longitudinal fibers 
eh bring about ascent thereof. If you destroy one set of 
ese tibers with silver nitrate the ot set will predominate. 
ese ideas correspond to the electrocardiographic curves re 
ed ell veriments and eli that e antag- 
Sim ¢ \\ entricies 1n | ror ovral Ss Ut 
ndent on the differen n anatomical structure 
in upon I itions t dase an wex 
\ l izreed that clinical cases esenting ertroph 
e rignt ent ( la ire’ R Valve \ ( pertrop 
chit entrl resses itsetl n tf I n of a large 
vave In the forme nstance the ngitudinal system o 
ers W d be increased, while in thi t the reulal 
hese authors fall back upon the same | pothesis to ex 
n the forms of the atypr curves associated with ven 
cular extrasystoles. LE the trasvstole starts in the right 
ricle and extends from it to t left there will be first a 
rge R-wave on account of the predominant direction of 
ngitudinal fibers, followed later a large S-wave due to 
ie extension of the excitation to the circular fibers of the 
ft ventricle: similarly. when the extrasvstole arises in the 
f+ ventricle the first laree wave of the atypical ¢ ectrocardio- 
im W n the dowuward direetion lowed late 
1 second large wave in the upward directio1 
Sinee the neitudina ers of be entricles contract be 
‘re the cireular fibers of the left ventricle the reason for the 


a 


Tt 


In the left ventricle the tissue at 


ly appearance of thi 


Che 


explained, 

1] bat nt of thi i 
sudden Tatil of the Chink, to 
tter be destroyed, as in their silver nitrate experiments, 
is no descent of the R-wave until much later 


heir deseriptions sometimes 


Ki ppinger and Rothberger in t 
hey accuse other authors; namely, 


that 


into an error of which t 


e confounding of the phenomenon of contraction with 


one bear this fact in mind, however, it 1s 


excitation. Lt 
to 


their experiments are most suggestive 


understand their meaning and certainly the results 


Ss\ 


No satisfactory explanation of the 7’-wave has, as yet, been 


ven. Eppinger and Rothberger are much impressed by the 


freezing of the surface of the ventricle alfects only 


} f 
t that 
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the 7 


this wave < 


Wave and they believe, 


] . 
deeper muscular layers. 


From the whole diseussion it is obviou 


work must be don efore we shall attain to una 
opinion regarding the interpretation of the form of 
lecetroearadiosran 
PHONOCARDIOGRA MS. 
Another advance in cardiac mvestigvation ol 
hould be referred t rie rarmel\ phonoeardiog! 
¢ 
i * 
A 
nee: 
= j 1 ys 
j 
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Fig. 
sounds 
Fig. 47 
(after Hiirthle) 


16.—Resonance apparatus for 


St., stethoscope (after Hiirthle) 


Lhe present 
f Otto Weiss 


shall eall attention to the more 


which should be 


A knowledge of the exact 


the heart muscle and the moments 


egin is of great 


Importance tor 


$4} iv 


when 


therefore, that the p 
an have nothing to do with the excitati 


S that 
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strengthening 


Microphone for the registration of the heart 


consulted for details: 


the 


heart 


more 


tau 


heart 


the 


sounds 


slalus of Lhe subject Is described in the pamphiet 


ere | 


interesting points only. 


elations of the contractions ol 


sounds 


the aceurate diagnosis 0 





Fic. 48.—Reeg 
In the upper curve the heart sounds are registered; 
curve shows the time in one-hundredths 


curve is the cardiogram. 


ovascular conditions and efforts have 
ne been made to register tl] 


The ot 


iflicult, especially as it 


small energy 


independent of the subjective 


methods which will have all the 


jectivity of purely physical procedures. 


Weiss (Otto), Phonokardiogramme, Jena, 


reactions of 


of a second; 


» therefore, 


the listening 


precision 


L909. 


istration of the heart sounds by Hiirthle’s method. 
the middle 


the lower 


ior a 


he heart sounds by mechan- 
the sounds has made this 


has been desired to have methocs 


Ov- 


and ob 
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he ective “ marking method ~ which has been most 
sed is if Martius; it was of value especially in the analy- 
sis Ol cal cardiograms but its faults have been pointed 
wut esp by Hiirthle. 
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Fie. 49 Temporal relations between the heart sounds and the 
ardiogram in man (after Einthoven). C, cardiogram; [, first 
eart sound; JJ, second heart sound, 


In working out objective methods for registering the heart 


nds was necessary to transfer the sound-vibrations to 
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then act upon the handle G@ of a wooden tuning fork, with 
the arms Z and Z,, the latter being set into vibration in the 


same tempo; the vibrations of the arms of the fork excite 





Fig. 53.—Registration of human heart sounds by Holowinski’: 
method. Only a part of the author’s figure is reproduced. 
the microphone (Fig. 47); this sets in action an electro 
magnetic signal-apparatus and the movements are transferred 


to a pantograph of Marey and registered (Fig. 48). 





Fia. 50.—Registration of the apical heart sounds 


second sound. 


(after Einthoven) I, first heart sound; JJ, 





Fig. 51.—Registration of the sounds over the pulmonic area in man (after Einthoven). J, first sound; JJ, second sound. 





Registration of systolic heart murmur 


some apparatus which would be set into sympathetic vibration 
by resonance) and then to register these. The diffi- 


ulties in the way were twofold: (i) the existence of vibra- 


tions of the chest wall other than those due to the heart 
sounds, and (2) the small amount of energy represented by 
the heart sounds themselves. Both difficulties have been over- 


“ome, the latter by devising receiving and recording appa- 


ratus extreme delicacy. ‘Three different investigators— 
Hiirthle, Einthoven and Holowinski—have employed methods 
n which the sounds are received by means of a microphone. 
Hiirthle receives the heart sounds by a stethoscope (St) 
onnected with a resonance-apparatus, which magnifies the 


implitude of the vibrations (Fig. 46) ; the enlarged vibrations 


after Einthoven) ]. first sound: 7/, second sound 


Kinthoven also receives tie sounds by a microphone. At 
first he used for registration the capillary electrometer, but 
later emploved the more delicate string galvanometer. His 
findings of the relation of the heart sounds are shown in Fig 
19. In Figs. 50 and 51 the differences in intensity and dura 


tion of the heart sounds at the apex and at the base of the 
heart are well illustrated. In Fig. 52 is reproduced Ein 
thoven’s findings in a case of mitral, insufficiency with sys 
tolic murmur. In Fig. 2 of my Jerome Cochran lectur 
(this Bulletin, 1909, p. 299) I have introduced one of Kin- 
thoven’s phonocardiograms showing the position of the normal 
of the heart. 


with the microphone lies in the necessity of making the ob 


“third sound ” One great difficulty in working 
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servations In an absolutely quiet place; the vibrations of an 


elevator or of people walking about in the neighborhood dis- 
turb the records. 

Holowinski also uses a microphone as a receiver of the 
records them with the aid of a so-called 
The method depends upon an applica- 


1 


tien of the interference-rings of Newton; the 


ieart sounds, but 


‘ Opti al telephone.” 


changes in the rings are photographed, as 
shown in Fig. 53. For the details of the 


method Holowinski’s article should be con- 


sulted. 

Marbe has used an entirely different ob- 
jective method for recording the heart sounds. 
Reealling Koénig’s studies on the transfer of 
oscillations of a tambour to a gas flame of 
great sensibility he applied his instrument to 


the chest over the heart, and lighting the 


a paper through the 


vot very good records of the 


[ acetylene vas, passed 


sooty flame; he 


—+> — 
heart sounds in the form of sooty rings as 
shown in the tracing (Fig. 54). <A record 
has been made by Roos with this method 
from a patient with stenosis and insutliciency 
of the mitral valve. 

\ third principle—that of registering 
directly the oscillations of the sound-receiving 
membrane—has been utilized by O. Frank, 
by Gerhartz and by O. Weiss. The most im- 
portant result of the application of the prin- 
ciple seems to be the invention of the phono- 
scope by Weiss. This investigator receives 
the sounds on a soap bubble, a membrane 

r which exceeds in delicacy even the most sen- 
sitive microphone as vet devised. The ditfi- 
culty of registering the oscillations of such 
a fragile and sensitive structure is obvious, 
but Weiss overcame it in the following way: 
He placed one end of a silvered glass thread 
bent at a right angle (0.01 mm. in diameter, 
weighing 0.0000035 gm.) in the center of the 
soap bubble, the other end being fastened in 
a holder: the oscillating bubble transfers its 
vibrations to the glass lever and the move- 

ag Foran wt ments of the latter are registered photo- 
por ly mg vraphically. Weiss gives an exact description 
a) 44+ Second OF this phonoscope in his monograph; the 
apparatus is pictured in Figs. 55 and 56. In 

order tha e vibrations of the heart sounds only shall effect 
he soap bubble, Weiss excludes the slow air-movements due to 
chest wall (heart impulse) by placing the patient tn a large 
iron guard containing a receiving-funnel which is pressed 
against his chest; the tube from this funnel projects in the 


onoscope tube, but a space of about 4 mm. play is left be- 
tween the two tubes. By such an unclosed connection of the 


i 


sound-conducting apparatus with the phonoscope, the disturb- 


ing effects of the chest-wall vibrations are prevented. 


The relations between the heart sounds and thé ferent 


phases of the cardiogram tracing seem to be inconstant, g 


finding by Weiss, which is in accord with general c¢| 
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perience regarding the uncertainties of cardiograms. On the 
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Fic. 55.—The phonoscope (after O. Weiss, Phonokardiogramme, 


Jena, 1909, 23, Fig. 20). 


other hand, the temporal relations between the carotid pulse 
and the heart sounds are peculiarly constant in health: th 
time elapsing between the beginning of the first heart soun 


and the ascent of the carotid pulse amounts to 6.75 or ¥.75 


rt +» 
. wom), ) 
a 


Fic. 56.—View of the upper part of the phonoscope (after 0. 
Weiss, Phonokardiogramme, Jena, 1909, 23, Fig. 21). 


hundredths of a second (Fig. 57). Weiss has been able with 


his method to record the feetal heart sounds in a pregnant 


woman; in the case he examined the rate was 147 beais per 





i - wi ~ 
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Fic. 57.—Registration of heart sounds in man by Weiss’s 


method. The curve of the carotid pulse is shown above, the 
phonocardiogram in the middle and the time markings of 0.01 
sec. below (after O. Weiss, Phonokardiogramme, Jena, 1909, 25, 
Fig. 24). Curves are to be read from right to left. 


minute, the systole lasting 18.2 and the diastole 22.6 hun- 
dredths of a second. 
Important as these results of Weiss are for physiology, to 
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s clin : the findings of Joachim with the same method 
vat al hearts are even more interesting. Joachim’s 

< de observations in the sounds and their temporal 
atiol the carotid pulse in cases of (1) mitral insuffi- 
n nitral stenosis; (3) aortic insufficiency; (4) 
Aiilh 
“WH ” 
| 

at Phonocardiogram in mitral stenosis. Carotid pulse 

racing ve; time markings of 0.01 sec. below (after O. Weiss, 

Phono iogramme, Jena, 1909, 29, Fig. 30). 

0 stenosis and insufficiency at the aortic orifice, and 
) mal (anemic) murmurs. Doublings and splittings 
th rt tones have also been studied in this wav. 

In Figs. 58 and 59 I have introduced two curves illus- 
“ - a, ll fh Vv tifa 
Mic. 59—Phonocardiogram in another case of mitral stenosis 

(after O. Weiss). 

trating mitral stenosis; they are very characteristic—one could 
ake the diagnosis from the curves alone. In Fig. 58 the 
urmur Is presystolic, while in Fig. 59 it lasts through the 
rl iastole (note that these tracings are to be read from 
cht eft). 

Fic. 60.—Phonocardiogram in aortic stenosis with aortic insuffi- 
ciency. Arteriogram above (after O. Weiss). 

\ patient with aortic stenosis and insufficiency yielded the 

rves wh in Fig. 60. It is seen that the systolic murmur 


aximal at the 


time the carotid pulse is maximal. 


is maximal be- 


lt tral insufficiency the systolic murmur 
—— = —— ee See 
Fig. 61 Phonocardiogram of three-time rhythm (protodiastolic 
gallop) (after O. Weiss). 
re t uulse appears in the carotid. These results confirm, 
re, von Noorden’s view of the temporal discrepancy of 
si o kinds of systolic murmur. 
sounds in a protodiastolic gallop-rhythm are recorded 





JOHNS HOPKINS HOSPITAL 


> 
‘ 


BULLETIN. 38 


in Fig. 61. Observe that the third tone lies closer to the pre- 


ceding second sound than it does to the following first sound. 


The times as actually measured are 0.17 and 0.21 seconds 
respectively. 
As Weiss suggests, we may expect to learn something later 


on by simultaneous recording of eclectrocardiograms and 


phonocardiograms. 
ETHOSCOPE. 


Tue TELEPHONE S1 


form of a 


Verv highly ingenious device in the 


telephonic stethoscope has been invented 


recently a 


S. G. Brown. It 


depends upon the application of a telephone relay, which in 


turn is based upon the modern researches of physicists con- 


electrons across a nk roscople airgap be- 


different potentials. ‘Tele- 


cerning the flow of 


tween two conducting surfaces at 


currents passing through the relay have their strength 


phonic 


increased almost twenty-fold, and apparently still greater in 


tensifications may be obtained by placing two relays in tan 
dem, by which the intensification becomes four-hundred 
In the electrical stethoscope, a diagrammatic view of which 
is reproduced in Fig. 62, the sound of the heart beat is, with 
— 
c T 
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-Diagrammatic view of Browne's telephonic stethoscope 
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(by courtesy of Scientific American, 1910, CII, Fig. 4). 
the aid of a transformer, intensified about 60 times. The 
this instrument has been 


study of pathological cases with 


, where, it is said, the physicians 





begun in the London Hospi 


are much pleased with its promise. 
‘Long-distance ” auscultation of the heart and lungs is 
Brown’s instrument can be 


means of it the heart sounds olf 


now feasible. attached to the long 


distance telephon service: hy 
ara 


listened to, and lh 


Wight—a 


peen 
Isle of 


a person in London have already 


distance of 


distinctly, by physicians in thi 


about 100 miles. 

I see no reason why this instrument should not be com 
bined with a graphophone and permanent records be made of 
heart sounds; they might then be reproduced at will before 


medical societies or classes in physical diagnosis. Weiss has 


reproduced mechanically recorded heart-sounds with the help 
telephone. 


of a telenium-cell, battery and 
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